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 SUMMARY
This Summary Report contains information prepared by scientists
who have interpreted the results obtained by all of the projects
conducted within the Canadian PLUARG Task C Agricultural Watershed
study. The study approach is presented, along with summaries and
discussion of data, and possible remedial measures for all of the
major water quality parameters investigated. Extrapolation to
unmonitored areas and remedial measures alternatives are discussed
for total phosphorus and sediment. The reader is referred to the
many reports of the investigators and "Information Integrators" who
have participated in the Agricultural Watershed Studies for supporting
methodology, data presentation and analysis, and discussion of results.
The Agricultural Watershed Studies consisted of a variety of
investigations into the relationships between agricultural land and
water quality in the Great Lakes Basin. gonitoring of water quality
and quantity at eleven small (19 to 73 km ) watersheds, selected to be
representative of major agricultural regions of the Canadian Great
Lakes Basin, was carried out for two years. Detailed studies on
sediment, nutrients and heavy metals were carried out in some of the
watersheds. All watersheds were characterized in detail.
In terms of the water quality parameters of greatest concern
to PLUARG — total phosphorus and sediment the higher the degree
of intensive cultivation and/or the greater the area of fine—textured
soils, the greater were the unit-area loads. These watershed
characteristics accounted for most of the differences observed in
the loads of total phosphorus and sediment among the study watersheds.
The reasons for this were determined to be the effect of these factors
on soil erosion rates, fertilizer and manure use, and transport of the
clay-sized particles which contain and carry phosphorus. The unit-area
loads of total phosphorus ranged from 0.2 to 1.5 kg/ha/yr, while those
of suspended solids (sediment) ranged from 60 to 960 kg/ha/yr. It was
estimated that the total contribution of Canadian agricultural land to
streams in the Great Lakes Basin in 1976 was about 3000 tonnes of total
phosphorus, and about 1,084,000 tonnes of sediment.
Consideration was given to remedial measures programs to reduce the
contributions of pollutants from agricultural activities. Although several
possible measures were identified, it is emphasized that localized vari-
ations in pollution sources, soil properties and landscapes, cropping
systems and active pollutant contributing areas make general application of
remedial measures impracticable. To illuStrate the site-specific nature of,
and demonstrate an approach to, remedial measures, programs were developed
for four watersheds and phosphorus and sediment loading reductiOns and
costs were estimated. These examples are presented in the report.
Monitoring and detailed studies were also carried out to determine the
role of agricultural land as a source of other water quality parameters.
It was concluded that applications of fertilizer and manure, and
livestock operations adjacent to streams, were contributing to the
observed levels of the dissolved fractions of phosphorus (ortho-P) and
nitrogen (NO£+NO-) in streams. Loads-of these fractions ranged from
0.02 to 0.46 kg/ga/yr, and from 2.4 to 25.9 kg/ha/yr respectively.
Soil incorporation of phosphorus fertilizers and manure, used according
 to soil test recommendations, and better management and timing of
nitrogen applications, were suggested as measures which would reduce
these dissolved nutrient loadings.
It was determined that agricultural activities were not influencing
the quantities of heavy metals in streams, — other than by way of
increases in stream sediment loads, which resulted in increases in those
fractions of the metal loads that were naturally associated with the
sediment. The pesticide materials now in use were found to be of
sufficiently low persistence that they were seldom detected in stream
water. Accidental spills were the suspected causes of the occasional
presence of these materials. Only the herbicide atrazine was commonly
found in stream water, but it has no known deleterious water quality
impact. Residues of the past use of the organochlorine pesticides
such as DDT were routinely observed in stream water.
Agricultural activities could not be entirely separated
from other possible sources. Indicator bacteria were found in
relatively high numbers in the agricultural watersheds. They could
not be related to potential livestock sources, and may well have also
been derived from wildlife, human population and natural stream
conditions. Other observed non-agricultural influences on water quality
in the agricultural watersheds were: the contribution of rural
housing to dissolved phosphorus levels; the presence in streams of
herbicides from spraying of highway rights-of-way; and the almost
constant presence of the industrial organic toxicant PCB - believed
to be primarily the result of atmospheric deposition.
 INTRODUCTION
Study Objectives
In February,
1974, the International Reference Group on
Great Lakes Pollution from Land Use Activities (PLUARG) prepared
a "Detailed Study Plan to Assess Great Lakes Pollution From Land
Use Activities".
This study plan outlined four main tasks
including assessment of the problem (Task A), inventory of land
use activities (Task B), watershed studies (Task C) and lake
studies (Task D).
Task C was described as, "Intensive studies of a small
number of representative watersheds, selected and conducted to
permit some extrapolation of data to the entire Great Lakes
Basin, and to relate contamination of water quality, which may
be found at river mouths on the Great Lakes to specific land
uses and practices".
The objective of Activity 1 (Canada) of Task C, "Pilot
Watershed Surveys”, was "to obtain data on the inputs of
pollutants into the Great Lakes Drainage System which have their
origin in the complex land use activities known as agriculture".
The Agricultural Watershed Studies (Task C - Activity 1
(Canada)) developed into a three-phase program with objectives
as follows:
Phase I (Monitoring):
To measure the ambient concentration and loading
rates for various potential pollutants that occur
with agricultural land use.
Phase 11 (Detailed Studies):
1) To determine the effects of the soil, land use
and associated practices on ambient concentrations
and loading rates of selected pollutants from
agriculture.
2) To derive information on the mechanics of trans-
port and storage of these pollutants within the
selected agricultural watersheds.
3) To develop relationships so that the information
derived can be utilized in a predictive sense and
extrapolated to other areas.
Phase III (Remedial Measures):
To
develop
remedial
measures
where
significant
problems are identified.
 9.2.
Study Approach
The Agricultural Watershed Studies in Canada consisted of
the monitoring of 11 small (20-70 kmz) agricultural basins
selected to represent major agricultural regions in Southern
Ontario, and included a number of detailed studies in six of
these (Table 9.2.). The agricultural regions (determined by
soil type, climatic zone, and combination of crops grown with
or without livestock) were identified and representative
watersheds selected during the preliminary phase of the study
(April 1974 - April 1975). These regions and watersheds are
shown in Figure 9.2. Field activities of the study were
initiated in April 1975 and continued until May 1977.
The monitoring program covered precipitation quantity
(Project 6A, University of Windsor), stream flow quantity and
stream quality (Projects 2 and 3, Ontario Ministry of the
Environment, Agriculture Canada; Project 4, Ontario Ministry of
Agriculture and Food). An inventory of land use practices
was carried out on the 11 watersheds (Project 5, Ontario
Ministry of Agriculture and Food).
For the six watersheds included in the Phase II Detailed
Studies, precipitation quality has been determined (Project 6B,
University of Windsor). A detailed soil survey has been made
of these watersheds (Project 7, Ontario Soil Survey) and a study
of the nature and enrichment of sediments which involved
mineralogical, physical, organic, trace elemental and nutrient
characterizations (Projects 8 and 9, Agriculture Canada, Guelph—
Ottawa).
These programs were co-ordinated to allow assessment
of the relationship of pollutants in sediments and in soils, and
contributed
to
an
integrated
program
on
agricultural
sources,
transport
and
storage
mechanisms
of
metals
(Project
9,
Agriculture Canada, Harrow and Ottawa).
A one-year program was
added to identify sources of high levels of metals in one water-
shed (Project 23, Brock University).
The study of livestock operations has included the study of
pollutant
transport
to
sub-surface
and
surface
waters
in
an
integrated
farm
operation
on
the
Greenbelt
farm
of
the
Animal
Research
Institute
(Project
22,
Agriculture
Canada);
and
the
study of runoff and groundwater pollution from cattle feedlots
and
cattle
manure
storage
areas
(Project
21,
Agriculture
Canada)-
Another study on surface transport of nutrients with emphasis on
livestock operation areas has been conducted by BEAK Consultants
Ltd. (Project 20).
An
integrated
program
on
two
watersheds
has
included
the
study
of
sources
of
nutrients
and
heavy
metals
(Project
10,
Agriculture Canada, Harrow);
the study of transformations and
transport of nitrogen and water in agricultural soils (Projects
11,
12
and
13
Agriculture
Canada,
Ottawa);
and
the
study
of
the
role of the groundwater flow regime in the transport
of nitrates
to
streams
(Project
14,
University
of
Waterloo).
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TABLE 9.2.
PROJECT PRINCIPAL
NO. INVESTIGATORS AFFILIATION
l D.R. Coote Agric. Canada
E.M. MacDonald
2 R.C. Hore Ontario
R.C. Ostry Min. of Env.
3 R.C. Hore Ontario
R.C. Ostry Min. of Env.
4 R. Frank O.M.A.F.
5 R. Frank O.M.A.F.
6 M. Sanderson U. of Windsor
7 C.J. Acton Agric. Canada
8 G.J. Wall Agric. Canada
9 M. Ihnat l Agric. Canada
A.J. MacLean
M. Schnitzer
J.D. Gaynor
L.M. Whitby
10 J.D. Gaynor Agric. Canada
11 C.G. Kowalenko Agric. Canada
12 G.C. Topp Agric; Canada
13 D.R; Cameron 'Agric. Canada'
14 E.O. Frind U. of Waterloo
J.A. Cherry
R.W. Gillham
15 H.R. Whiteley U. of Guelph
AGRICULTURAL WATERSHED STUDY PROJECTS
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COORDINATION; DATA HANDLING AND TRANSFER;
MONITORING DATA OVERVIEW ANALYSIS
STREAM FLOW QUANTITY
STREAM FLOW QUALITY - (A) ROUTINE WATER
AND SEDIMENT QUALITY'
STREAM FLOW QUALITY (B) PESTICIDES
LAND USE INFORMATION
PRECIPITATION - QUANTITY AND QUALITY
SOIL SURVEY
THE NATURE AND ENRICHMENT OF SEDIMENTS IN
AGRICULTURAL WATERSHEDS: A MINERALOGICAL
AND PHYSICAL CHARACTERIZATION
AGRICULTURAL SOURCES, TRANSPORT AND STORAGE
OF HEAVY METALS
SOURCES
OF
NUTRIENTS
AND
HEAVY
METALS
IN
HILLMAN CREEK
NITROGEN
TRANSFORMATION
PROCESSES
IN
WATERSHED SOILS
PHYSICAL
PROPERTIES
OF
THE
SOILS
OF
AGRICULTURAL
WATERSHEDS
1
AND
13
WHICH
CONTROL
MOISTURE
STORAGE
AND
TRANSPORT
MATHEMATICAL
MODEL
OF
NITROGEN
TRANSPORT
IN
THE
AGRICULTURAL
WATERSHED
SOILS
STUDIES
OF
AGRICULTURAL
POLLUTION
OF
GROUND-
WATER
AND
ITS
INFLUENCE
ON
STREAM
WATER
I
QUALITY
IN
TWO
AGRICULTURAL
WATERSHEDS
HYDROLOGIC MODEL
 AGRICULTURAL WATERSHED STUDY PROJECTS
TABLE 9.2. (cont'd)
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20
21
22
23
S.L. Hodd BEAK Consultants
F.R. Hore Agric. Canada
D.R. Coote
N.K. Patni Agric. Canada
F.R. Hore
J.A.C. Fortescue Brock U.
E. Veska
A. Qureshi Ontario
Min. of Env.
my;
EROSIONAL LOSSES FROM AGRICULTURAL LAND
SEDIMENT DELIVERY RATIOS IN SMALL
AGRICULTURAL WATERSHEDS
CWMMWNNWPMWWMSMWAWEMWML
LAND TO STREAMS BY SURFACE RUNOFF
NITROGEN TRANSPORT AND TRANSFORMATIONS IN
TWO BRANCHES OF CANAGAGIGUE CREEK
SECONDARY PRODUCTION AND ORGANIC DRIFT OF
NUTRIENTS IN TWO BRANCHES OF CANAGAGIGUE
CREEK
EF
FE
CT
S
OF
LI
VE
ST
OC
K,
AC
TI
VI
TI
ES
ON
SU
RF
AC
E
WATER QUALITY
FEEDLOT AND MANURE STORAGE RUNOFF
PO
LL
UT
AN
T
TR
AN
SP
OR
T
TO
SU
BS
UR
FA
CE
AN
D
SU
RF
AC
E
WA
TE
RS
IN
AN
IN
TE
GR
AT
ED
FA
RM
OP
ER
AT
IO
N
GE
OC
HE
MI
ST
RY
AN
D
HY
DR
OG
EO
LO
GY
OF
AG
RI
CU
LT
UR
AL
WA
TE
RS
HE
D
No
.1
0,
AN
D
TH
EI
R
IN
FL
UE
NC
E
ON
TH
E
CH
EM
IC
AL
CO
MP
OS
IT
IO
N
OF
WA
TE
R
AN
D
SE
DI
ME
NT
S
MI
CR
OB
IO
LO
GI
CA
L
ST
UD
IE
S
(p
ar
t
of
Pr
oj
ec
t
3)
9.3.
 
Surface runoff from small agricultural watersheds (Project
15, University of Guelph), erosional losses from agricultural
land (Project 16, University of Guelph, Agriculture Canada),
transport of fluvial suspended sediments from agricultural land
(Project 17, University of Guelph), and the contribution of
phosphorus from agricultural land to streams by surface runoff
(Project 18, UniVersity of Guelph) werecombined into a
CO-operative program on surface sources and flow paths from
agricultural land.
A comparison of the nutrient budget of an agricultural
stream and a relatively undeveloped stream has been made,
including nutrient transport and transformation (Project 19A,
University of Guelph) and a 1975 field season study of
secondary production and organic drift (Project 19B, University
of Waterloo).
Descriptions of the studies referred to above may be found
in the Detailed Study Plan, Agricultural Watershed Studies,
Task C Activity 1, Canada, October 1975, with update in October
1976. The final reports from these detailed studies will be
included in the PLUARG Technical Report Series and will be
available in 1978.
In December, 1976, individuals from within the diverse
activities of the Agricultural Watershed Studies were identified
as "integrators" responsible for compiling information related
to eaCh major Parameter group (i.e. phosphorus, nitrogen,
sediments, heavy metals and pesticides) from all the detailed
StUdies in which these parameters were considered. Livestock
were given special consideration by the appointment of an
integrator specifically for these sources. The integration
activity included development and evaluation of remedial
programs utilizing the combined ekpertise and experience of the
PLUARG study researchers and field technicians to recommend
suitable'options.
Coordination and implementation of this program has been
a jOint Ontario Ministry of Agriculture and Food, Agriculture
Canada, and Ontario Ministry of the Environment endeavour.
Methods
Referring to the division of the objectives listed under
Section 9.1, the methods can be divided into three groups —
monitoring,
detailed
studies
and
remedial
measures.
9.3.1. Monitoring
The
Ontario
Ministry
of
the Environment
(OMOE)
has
made
available
all
water
quality
data
collected
at
the
11 agricul—
tural watersheds.
Standard and PLUARG approved methods have
been used for sample collection,
treatment and laboratory
analyses.
Automatic samplers with time and stage height
activitated suction pumps were used at 6 sites to improve event
sampling.
The data have been stored in the Environment Canada
National Water Quality Data Bank (NAQUADAT) as well as in OMOE's
data system. Flow data have been compiled and analysed by the
OMOE and Water Survey of Canada (Environment Canada) from
continuous recording flow stage gauges. These have alsobeen
filed in NAQUADAT, as have the results of the pesticide monitor-
ing at each of the 11 agricultural watersheds. Precipitation
has been measured by gauges located in each of the watersheds.
From NAQUADAT, concentration data and monthly loadings as well
as plots of parameter values have been furnished to agricultural
study participants. The OMOE has calculated annual loadings
according to the Beale Ratio Estimator method.
Each agricultural watershed has been surveyed by the Ontario
Ministry of Agriculture and Food (OMAF) by visiting each farm in
each watershed, and by gathering non-farm information from
municipal offices and field observation.
Statistical analyses have been made of the 2—year monitoring
data and models developed to explain variability between water-
sheds in terms of physical characteristics, the use of the land
and agricultural management practices.
9.3.2. Detailed Studies
The methods utilized by the researchers involved in the
detailed studies were numerous and varied. All conformed to
standard routines for laboratory analysis, with the exception of
the Plasma Source Emmission Spectrometer used by Project 23 for
elemental analysis of stream waters and sediments. This machine
is somewhat experimental and certain problems were encountered
with laboratory procedures. Field sampling involved the use of
the most appropriate equipment available which included, among
others, a deep well hollow auger drill for groundwater and core
sampling; inovative traps for floating and suspended organic
debris; bulk andwet only precipitation samplers; and an
experimental soil permeability measuring device.
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g p
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e o
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s f
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nd
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the
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the
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ail
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s,
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l o
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Agr
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have communicated in detail with each investigator having data
_ or
inf
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ati
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rel
eva
nt
to
one
of
the
fiv
e m
ajo
r p
ara
met
er
gro
ups
:
1)
pho
sph
oru
s;
ii)
sed
ime
nts
;
iii
) p
est
ici
des
;
iv) heavy metals; and v) nitrogen. A Sixth "Integrator" has
also been identified to compile the results of any studies in
which livestock sources were considered.
Analyses of the results of the detailed studies and of the
monitoring program and the conclusions regarding the effect of
agricultural activities within the 11 agricultural watersheds,
as well as within the agricultural regions represented by these
watersheds have been made by the integrators in concert with
the study coordinators. This report, therefore, represents the
conclusions of a large group of researchers of differing
backgrounds and interests.
9.3.3. Alternative Preventative and Remedial Measures
Although the Agricultural Watershed Studies were not
designed to directly test or quantify the impact of specific
remedial measures, they have provided researchers the opportunity
to observe many unique situations. This information has been
utilized in the integration activity for the development and
evaluation of alternatives for remedial measures.
 9.4.
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Key Parameters Studied
The
parameters
studied
in
the
Detailed
Studies
have
been
mainly
those
known
to
exist
in
the
agricultural
environment.
The
presence
of
many
other
materials
has
been
regularly
looked
for,
and
sources
identified
where
they
have
been
found.
The
major
parameters
discussed
in
this
summary
report
are
as
follows:
i)
Nutrients
-
phosphorus,
nitrogen
ii) Sediments « suspended
iii)
Heavy
metals
-
Pb,
Cu,
Zn
iv)
Toxics
~
insecticides:
DDT,
endosulfan
— herbicides:
- PCB
atrazine
Many
additional
water
quality
parameters
have
been
monitored,
and
are
discussed
in
the
detailed
final
reports.
The
materials
listed
abOVe
are
those
common
to
all
PLUARG
studies,
and
those
for
which
explanations
of
their
sources
and
fate
in
the
system
are
considered
to
be
essential
or
which
are
known
to
be
indicators
of
trends
in
other
similar
materials.
 TABULATED
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the
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Tables
10.2.a-h
present
the
fluvial
loads
which
have
been
calculated
for
each
of
the
Agricultural
Watersheds
using
the
Beale
Ratio
Estimator
method
and
the
NAQUADAT
method.
Seasonal
loads
have
been
determined
with
the
NAQUADAT
approach
for
the
periods:
I.
"dormant,
cold
-
warming"
-
to
include
the
latter
part
of
winter
and
the
spring
thaw
i.e.
approximately
January
through
April
in
Southern
Ontario;
II.
"active
growing”
-
to
include
the
active
growth
period
from
May
through
August;
and
III,
"dormant,
cooling
-
cold"
—
to
include
that
time
when
little
growth
and
rather little
runoff
occurs.
Unit-area
load
refers
to
the
total
load
divided
by
the
area
of
the
watershed.
This
is
a
general
average
unit-area
load
for
the
particular
agricultural
"landscape"
which
is
represented
by
each
of
the
agricultural
watersheds.
It
reflects
the
net
effect
of
soil
type,
climatic
zone,
combina-
tion
of
crops
grown
with
or
without
associated
livestock
enterprises,
etc.,
and
gives
an
approximation
of
the
average
agricultural
contribution.
These
unit-area
loadings
also
include
such
non-agricultural
interferences
as
private
waste
disposal,
highways,
forestry,
etc.,
which
occur
within
agricultural
areas
but
which
cannot
be
readily
separated
as
to pollutant loads.
Since
the
Beale
and
NAQUADAT
methods
when
applied
to
the
estimation
of
suspended
sediment
loads
produced
quite
different
results,
further
analysis
was
conducted
in
this
regard.
1976
sediment
loads
computed
by
four
different
methods,
including
the
Beale
and
NAQUADAT
methods,
are
presented
in
Figure
10.2.a,
along
with
long-term
predicted
loads.
(The
latter
are
discussed
in
a
later
section.)
Detailed
analysis
has
revealed
that
the
hydrograph
integration
method
and
the
NAQUADAT
method
best
reflect
the
observed
suspended
sediment
load
conditions,
and
present
the
most
reliable
relative
rankings
of
the
water-
sheds.
When
the
watersheds
are
classified
into
three
sediment
load
categories
(according
to
the
integration
and
NAQUADAT
approaches),
AG-l
has
an
average
annual
unit-area
loading
of
900
kg/ha;
AG-3,
4,
5,
10
and
13
have
averages
in
the
order
of
350
kg/ha;
and
AG~2,
6,
7,
11
and
14
have
averages
of
about
80
k
g
/
h
a
for
1976.
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TABLE
10.2.3.
Total
loads,
unit-area
loads
and
Seasonal
distribution
of
Suspended
Solids
and
Total
Phosphorus,
11
agricultural
watersheds,
1975—77.
SUS PENDED S OLIDS
 
TOTAL PHOS PHORUS
*
*~k
*
5
TOTAL**
+
SEASON
UNIT
AREA
TOTAL
+
SEASON
UNIT
AREA
5
LOAD
-1
I
11
111
LOAD
LOAD
-1
1
11
111
LOAD
3.
M
r
L
2
m
m
M
r
L
3002.0
79
591.0
6.50
40
1.28
1
5067.3
95.9
4.1
0
997.5
8.69
86.2
13.8
o
1.71
4881.2
62.9
34.3
2.8
960.9
7.66
74.1
21.5
4.4
1.51
1320.0
31
’166.6
2.06
21
0.26
2
1105.4
76.6
17.8
5.6
139.7
1.85
71.2
21.2
7.7
0.23
1210.9
66
1
21.2
12.7
153.0
2.87
69.2
17
2
13.6
0.36
.
£72"
1400.0
35
225.3
5.67
16
0.91
3
1600.2
71.3
24.8
3.9
258.1
5.46
60.5
30.7
8.8
0.88
1219.1
75
5
18.4
6.1
196.6
4.78
70
5
19
7
9.8
0.77
1440.0
84
776.5
1.86
27
1.00
4
779.9
93.0
4.2
2.8.
419.3
1.40
85.4
7.0
7.6
0.75
863.1
91.7
2.7
5.6
464.0
1.70
85.3
5.1
9.6
0.91
1990.0
92
661.7
4.60
76
1.53
5
1053.6
25.7
71.7
2.6
351.2
3.21
34.6
62.3
3.2
1.07
822.9
48
3
48.3
3.4
274.3
2.42
52.9
43
3
3.8
0.81
343.0
45
62.7
0.90
37
0.16
6
349.7
81.6
12.9
5.5
63.9
0.80
77.2
16.9
5.9
0.15
328.5
71.8
14.5
13.7
60.0
0.87
70.1
16.1
13.8
0.16
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25
25.7
0.43
12
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7
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7.7
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7.9
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1.24
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15.9
8
8
0.22
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317.5
4.64
11
1.53
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0.7
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7
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TABLE 10.2.b. Total loads, unit-area loads and seasonal distribution of Ortho-Phosphorus
and Total Dissolved Phosphorui, 11 agricultural watersheds, 1975-77.
 
ORTHO PHOSPHORUS TOTAL DISSOLVED PHOSPHORUS
** * **
g TOTAL + SEASON UNIT AREA TUI'AL + SEASON* UNIT AREA
a LOAD -'/. I II III LOAD LOAD -'/. I II III LOAD
3 T[1r I Z 1 kgjha/yr :11: Z Z % kg/ha/yr
1.88 15 0.37 1.06 52 0.21
1 1.31 85.3 14.6 0.1 0.26 1.66 90.4 9.5 0.1 0.33
1.82 84.6 9.2 6.2 0.36 1.33 74.4 16.2 9.4 0.26
0.37 16 0.05 0.46 15 0.06
2 0 41 63.0 25.3 11.8 0.05 0.53 65.1 20.9 14.0 0 07
0 46 65 l 1 7 15 2 0 06 0 61 59 2 23 7 17 0 08
2.86 6 0.46 3.09 5 0.50
3 2.60 71.8 1 .6 8.6 0 42 2 84 72.9 19.0 8.9 0.46
2 25 78.7 12 0 9.3 0 36 2 48 76 6 12 5 10 9 0.40
0.49 10 0.26 0.62 11 0.33
4 0.43 85.2 4.7 10 1 0 23 0.57 84.2 4.9 10.9 0.31
0 62 88 8 2.9 8 3 0 33 0.74 84 7 4.3 11.0 0.40
0.96 48 0.32 1.28 42 0.43
5 0.72 54.0 39.0 6 9 0.24 1.02 44.7 48.8 6.5 0.34
0 69 72.9 20 9 6.4 0 23 0.91 63 3 30 3 6.4 0.30
0.21 52 0.04 0.40 33 0.07
6 0.16 82.7 9.5 7.8 0.03 0.35 78.7 14.6 6.7 0.06
0.20 80 0 10.0 10.0 0.04 0.41 63.4 19.5 17.1 0.07
0.07 22 0.01 0.18 14 0.03
7 0.09 71.9 17.6 10.6 0.02 0.15 47.8 28.4 10.2 0.03
0.10 72.1 16.4 11.5 0.02 0.21 58.4 26.6 15.0 0.04
1.79 8 0.59 1.54 6 0.51
10 1.57 86.3 12.5 1.1 0.52 1.57 91.2 7.3 . 0.52
1.39 71.1 8 9 20.0 0.46 1.92 69.5 9.0 21 5 0 63
0.50 14 0.21 0.47 6 0.20
11 0.24 99.8 0.2 0.0 0.10 0 31 _ 98.4 1.6 0.0 0.13
0-3
4
99
9
0.1
0.0
0.1
4
0 4
2
94
6
5.4
0.0
0.1
8
0.62
8
0.31
0.71
18
0.36
13
0.61
82.5
10.5
7.0
0 31
0.73
84.6
9.3
6.1
0.37
0 66
62.5
21.9
15.6
0 33
0.67
67 0
16.7
16.3
0.34
1.38
18
0.31
1.64
20
0.36
14
1.20
82.5
0.9
16.6
0.27
1.58
79.2
3.2
17.5
0.35
1-0
5
81.
7
0.9
17.
4
0.2
3
1.3
8
77.
0
2.5
20.
5
0.3
1
*
I =
Dorm
ant,
cold
-war
ming
(Jan
.-Ap
ril)
; I
I =
acti
ve
(May
-Aug
ust)
; I
II =
dorm
ant,
cooling—cold (Sept. —Dec.)
** Upper line of values Beale Method, 1976 only
Middleline of values = NAQUADAT Method, 1976 only
Low
er
lin
e o
f v
alu
es
= N
AQU
ADA
T M
eth
od,
197
5-1
977
2-y
ear
mea
n
 TA
BL
E
10
.2
.c
.
To
ta
l
lo
ad
s,
un
it
-a
re
a
lo
ad
s
an
d
se
as
on
al
di
st
ri
bu
ti
on
of
To
ta
l
Ni
tr
og
en
an
d
Ni
tr
at
e
+
Ni
tr
it
e,
ll
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
,
19
75
-7
7.
TCYl‘AL NITROGEN
N
I
T
R
A
T
E
+
N
I
T
R
I
T
E
N
I
T
R
O
G
E
N
  
 
Q
**
*
H
*
:1:
TO
TA
L
+
SE
AS
ON
UN
IT
AR
EA
TO
TA
L
+
SE
AS
ON
UN
IT
AR
EA
2:
LO
AD
-%
I
II
II
I
LO
AD
LO
AD
-%
I
II
II
I
LO
AD
3
T/
Yr
%
Z
Z
ﬁg
/h
a/
yr
T/
xr
1
%
%
kg
/h
a/
yr
81
.7
35
16
.1
54
.6
38
10
.7
1
84
.3
75
.3
22
.3
2.
4
16
.6
50
.8
71
.0
27
.0
2.
0
10
.0
11
1.
7
70
.8
20
.6
8.
6
22
.0
77
.7
70
.9
19
.7
9.
4
15
.3
50
.8
15
6.
4
33
.8
19
4-
3
2
58
.6
51
.4
27
.0
21
.6
7.
4
40
.4
47
.1
29
.4
23
.5
5.
1
66
.1
65
.4
18
.2
16
.4
8.
4
50
.5
67
.9
15
.6
16
.5
6.
4
25
7.
5
6
41
.5
23
1.
6
6
37
.4
3
24
9.
2
68
.2
21
.3
10
.5
40
.2
22
3.
2
68
.8
20
.4
10
.8
36
.0
18
1.
4
65
.6
18
.3
16
.1
29
.2
16
0.
9
65
.3
18
.0
16
.7
25
.9
37
.8
16
20
.3
27
.8
10
14
.9
4
37
.0
80
.4
9.
5
10
.1
19
.9
28
.1
80
.8
9.
3
9.
9
15
.1
35
.3
80
.0
6.
3
13
.7
19
.0
26.
1
80
.2
5.1
14
.0
14
.0
93
.3
31
31
.1
72
.2
25
24
.1
5
10
0.
5
67
.4
20
.4
12
.2
33
.5
83
.1
72
.6
14
.4
13
.0
27
.7
81.
4
70.
5
14.
9
14.
6
27.
2
68.
3
73.
2
11.
1
15.
7
22.
8
78
.1
10
14
.3
62
.0
11
11
.3
6
86.
5
68.
4
18.
4
13.
2
15.
8
70.
6
69.
0
17.
8
13.
2
12.
9
84.
9
58.
5
20.
3
21.
2
17.
5
67.
5
59.
8
19.
2
21.
0
12.
3
17.
9
9
3.2
11.
8
10
2.1
7
21.
4
65.
7
22.
9
11.
4
3.8
14.
7
63.
0
18.
5
18.
5
2.6
20.
0
59.
8
22.
3
17.
9
3.5
13.
7
63.
9
18.
4
17.
6
2.4
46.
9
9
15.
5
21.
3
12
'
7.0
10
43.
0
84.
4
12.
8
2.8
14.
2
16.
9
82.
1
14.
3
3.6
5.6
37.
0
74.
0
9.9
16.
1
12.
2
15.
7
76.
4
8.6
15.
0
5.2
26.
5
12
11.
1
19.
9
11
8.3
11 13.8 98.4 1.6 0.0 7.5 13.1 99.8 0.2 0.0 5-5
15.4 99.1 0.9 0.0 6.5 9.5 99.9 0.1 0.0 4-0
50.2
13
25.2
41.8
13
21.0
13
47.4
86.1
10.5
3.4
23.8
39.0
86.3
10.2
3.5
19.0
46.9
72.2
11.0
16.8
23.5
38.7
71.9
10.1
18.0
19.4
42.5
34
9.4
24.2
40
5.4
14
45.0
72.6
5.3
22.1
10.0
26.1
72.4
3.4
24.2
5.8
35.9 70.1 3.4 26.5 8.0 21.7 69.9 1.1 28.9 4.8
*
Upper line of values
Middleline of values
Lower line of values
Beale Method, 1976 only
NAQUADAT Method, 1976 only
I = Dormant, cold—warming (Jan.-April); II = active (May-August); 111 = dormant,
cooling-cold (Sept.-Dec.)
NAQUADAT Method, 1975-1977 2—year mean
TABLE 10.2.d.
 
Nitrogen and Lead, 11 agricultural watersheds, 1975—77.
 
Total loads, unit-area loads and seasonal distribution of Total Kjeldahl
 
TOTAL KJELDAHL NITROGEN LEAD***
c: ** * H *
g TOTAL +Z SEASON UNIT AREA TOTAL + SEASON UNIT AREA
5‘ LOAD -2 1 11 111 LOAD LOAD -1 I 11 III LOAD
3 T/vr A A A kglhg/yr T[YE;" Z % % kg/ha/IEA
0.023 20 0.005
1 27.1 83.1 16.6 0.3 5.3 0.015 86.9 13.1 0.0 0.003
34.0 70.7 22.7 6.6 6.7 0.101 70.1 25.6 4.3 0.020
0.060 267 0.008
2 17.1 66.6 23.9 9.5 2.2 0.079 73.0 18.2 8.8 0.010
15.7 57.2 26.4 16.4 2.0 0.120 56.6 27.4 16.0 0.015
0.039 56 0.007
3 26.0 62.8 27.8 9.4 4.2 0.087 86.1 11.1 2.8 0.014
20.5 68.0 20.4 11.6 3.3 0.106 80.9 13.3 5.8 0.017
0.011 50 0.006
4 10.1 79.5 12.0 8.5 5.4 0.006 94.4 2.8 2.8 0.003
9.2 79.0 9.8 11.2 5.0 0.017 89.2 6.7 4.1 0.009
0.017 17 0.006
5 21.1 42.4 49.6 8.0 7.1 0.039 70.0 26.0 4.0 0.004
13.1 56.5 34. 8.6 4.4 0.022 69.8 26.0 4.2 0.007
0.082 91 0-015
6 16.1 66.2 22.2 11.6 2.9 0.066 86.7 8.3 5.0 0.012
17.3 53.2 24.5 22.3 3.2 0.104 68.1 18.4 13.4 0.019
0.022 10 0-004
7 6.0 57.1 28.9 14.0 1.1 0.028 61.0 18.0 21.0 0.005
6.3 50.9 30.8 18.3 1.1 0.083 24.9 64.9 10.2 0.015
0.033 86 0-011
10 25.6 86.0 12.2 1.8 8.5 0.073 95.1 4.9 0.0 0.024
21.3
72.2
10.8
17.0
7.0
0.04
7
76.3
11.1
12.6
0.01
6
0.008 25 0-004
11 4.7 94.4 5.3 0.3 2.0 0.005 96.8 3.7 0.0 0.002
5.9 97.8 2.1 0.1 2.5 0.010 97.7 2.3 0.0 0.004
0.009 50 0-005
13 8.4 86.1 9.7 4.2 4.2 0.008 96.4 3.6 0.0 0.004
8.2 73.5 15.5 11.0 4.1 0.024 83.8 13.3 2.9 0.012
-
0.
06
6
73
0.
01
5
14 18.2 74.9 9.6 15.5 4.1 0.036 89.8 2.8 7.3 0-008
14.2 70.3 7.0 22.6 3.2 0.056 83.1 4.6 13.3 0.012
* I = Dormant, cold—warming (Jan.—Apr11); II = active (May-August); III = dormant:
cooling—cold (Sept.-Dec.)
H
Upper line of values
Middle line of values = NAQUADAT method. 1976 only
Beale Method, 1976 only
Lower line of values = NAQUADAT method, 1975-1977 2—year mean
Estimates only - most concentrations below detection limit
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TABLE
10.2.e.
Total
loads,
unit—area
loads
and
seasonal
distribution
of
Copper
and
Zinc
‘
ll
agricultural
watersheds,
1975—77.
   
 
 
 
 
COPPER***
5
TOTAL**
UNIT
AREA
TOTALA“
UNIT
AREA
I
+
+0
LOAD
g,
LOAD
-7
111
LOAD
LOAD
_4
I
3
T/vr
%
kE/ha/Yr
T/Yr
Z.
kg/ha/Vr
0.239
29
0.047
0.421
17
0-083
1
0.213
0.0
0.042
0.422
0-083
0.703
6.6
0.138
0.682
0-134
0.107
190
0.013
0.186
189
0-024
2
0.253
5.8
0.032
0.213
0-027
0.205
33.9
0.026
0.303
0-038
0.185
53
0.030
0.354
106
0-057
3
0.062
2.4
0.010
0.341
0-055
0.143
6.3
0.023
0.289
0.047
0.052
70
0.028
0.352
151
0-189
4
0.091
0.8
0.049
0.214
5
0-115
0.085
11.4
0.046
0.206
4
0-111
0.043
38
0.014
0.079
50
0-026
5
0.090
3.1
0.030
0.060
0-020
0.068
4.6
0.023
0.081
0-027
0.134
42
0.024
0.307
82
0-056
6
0.060
2.9
0.011
0.164
0.030
0.131
19.4
0.024
0.147
0-027
0.120
120
0.021
0.109
35
0-019
7
0
.
0
8
5
5.2
0
.
0
1
5
0.102
0-018
0
.
0
9
5
1
1
.
5
0
.
0
1
7
0
.
1
8
8
0
-
0
3
3
0
.
1
1
3
36
0
.
0
3
7
0
.
5
1
9
41
0
-
1
7
2
10
0.178
0.6
0.059
0.436
0
~1
4
4
0
.
1
1
2
1
8
.
2
0
.
0
3
7
0
.
2
9
7
0
-
0
9
8
0.046
10
0
.
0
2
0
0.113
32
0-047
11
0
.
0
2
4
0.0
0
.
0
1
0
0.050
0.021
0.025
0.0
0.010
0.044
0.018
0
.
1
2
8
115
0
.
0
6
4
0
.
1
4
4
39
0
.
0
7
2
13
0.094
0.5
0.047
0.109
0.055
0
075
7.3
0.038
0.119
0.060
0
.
1
6
9
76
0
.
0
3
8
0
.
3
7
0
62
0
.
0
8
2
14
0.054
4.9
0.012
0.270
0.060
0.083
11.2
0.018
0.215
0.048
*
I
=
D
o
r
m
a
n
t
,
c
o
l
d
-
w
a
r
m
i
n
g
(
J
a
n
.
~
A
p
r
i
l
)
;
II
=
**
M
i
d
d
l
e
l
i
n
e
o
f
v
a
l
u
e
s
U
p
p
e
r
l
i
n
e
o
f
v
a
l
u
e
s
=
B
e
a
l
e
M
e
t
h
o
d
,
1
9
7
6
o
n
l
y
N
A
Q
U
A
D
A
T
M
e
t
h
o
d
,
1
9
7
6
o
n
l
y
L
o
w
e
r
l
i
n
e
o
f
v
a
l
u
e
s
=
N
A
Q
U
A
D
A
T
M
e
t
h
o
d
,
1
9
7
5
—
1
9
7
7
2
-
y
e
a
r
m
e
a
n
I
n
c
l
u
d
e
s
e
s
t
i
m
a
t
e
s
-
s
o
m
e
w
a
t
e
r
s
h
e
d
s
h
a
d
active
(May-August);
III
=
dormant,
cooling-cold (Sept.-Dec.)
most concentrations below detection limit.
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TABLE 10.2.f. Total loads, unit-area loads and seasonal distribution of 2.4-D
and Atrazine + Desethyl Atrazine, 11 agricultural watersheds, 1975-77.
  
2,4
-D*
**
Atr
azi
ne
+ D
ese
thy
l A
tra
zin
e**
*
a ** * ** *
:1 TOTAL SEASON UNIT AREA TOTAL + SEAS ON UNIT AREA
2 LOAD -1 I II III LOAD LOAD -7. I II III LOAD
3 k
glyr
"l.
7.
°/.
g/ha
/jr
ig/
yr
7.
7.
7.
i/ha
/yr
1 0.074 0.0 100.0 0.0 0.015 8.59 8.8 90.2 1.0 1.69
3.562 0.1 97.4 2.5 0.701 15.66 18.5 75.8 5.7 3.08
2
0.61
9
0.0
86.6
13.4
0.07
8
0.93
40.9
40.8
18.3
0.12
0.47
5
8.1
83.2
8.7
0.06
0
4.34
31.5
64.8
3.7
0.55
3
0.31
5
0.0
100.
0
0.0
0.05
1
39.8
3
52.3
34.5
12.9
6.42
0.28
4
3.4
96.6
0.0
0.04
6
27.6
9
39.1
51.8
9.1
4.47
4
0.23
0
0.0
100.
0
0.0
0.12
4
4.03
36.5
59.3
4.2
2.17
0.14
5
2.8
79.6
17.6
0.07
8
3.15
35.2
54.5
10.3
1.69
5
0.03
0
0.0
80.0
20.0
0.01
0
8.68
53.8
40.9
5.3
2.89
0.05
3
13.8
80.2
6.0
0.01
8
5.21
62.8
31.7
5.5
1.74
6
0.6
25
0.0
100
.0
0.0
0.1
14
1.7
9
85.
5
11.
7
2.8
0.3
3
1.33
1
0.9
77.2
21.9
0.24
3
2.67
59.0
52.4
8.6
0.49
7
0.2
84
0.0
50.
4
49.
6
0.0
50
0.0
0
0.0
0.0
0.0
0.0
0.3
48
0.0
79.
8
20.
2
0.0
62
0.1
16
0.0
87.
3
12.
7
0.0
2
10
0.0
00
0.0
0.0
0.0
0.0
00
8.2
1
44.
8
45.
1
10.
1
2.7
1
0.0
52
47.
2
52.
8
0.0
0.0
17
9.3
9
34.
1
35.
8
30.
1
3.1
0
11
0.0
00
0.0
0.0
0.0
0.0
00
2.4
5
94.
7
5.3
0.0
1.0
3
0.0
00
0.0
0.0
0.0
0.0
00
1.0
8
93.
8
6.1
0.1
0.4
5
13
0.0
16
0 0
0.0
100
.0
0.0
08
0.8
9
24.
7
28.
1
47.
2
0.4
5
0.0
43
72.
0
12.
7
15.
3
0.0
22
1.1
6
36.
2
39.
4
24.
4
0.5
8
14
0.0
27
0.0
0.0
100
.0
0.0
06
9.9
1
61.
5
7.1
31.
4
2.2
0
0.0
20
33.
7
1.1
65.
2
0.0
04
8.4
0
48.
3
16.
0
35.
7
1.8
7
*
I =
Dor
man
t,
co
ld
-w
ar
mi
ng
(Ja
n.-
Apr
11)
;
II
=
act
ive
(Ma
y-A
ugu
st)
;
III
-
dor
man
t,
cooling-cold (Sept.-Dec.)
**
Upp
er
lin
e o
f v
alu
es
=
NAQ
UAD
AT
Met
hod
,
197
6
onl
y
Low
er
lin
e o
f v
alu
es
= N
AQU
ADA
T M
eth
od,
197
5-1
977
2-y
ear
mea
n
***
Est
ima
tes
onl
y
- m
any
con
cen
tra
tio
ns
bel
ow
det
ect
ion
lim
it
 TAB
LE
10.
2.3
.
Tot
al
loa
ds,
uni
t-a
rea
loa
ds
and
sea
son
al
di
st
ri
but
io
n
of
DDT
and
Di
el
dr
in
,
11
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
,
19
75
-7
7.
 
10
11
13
l4
DIELDRIN***
**
**
*
TO
rA
L
UNI
T
AR
EA
To
rA
L
+
SE
AS
ON
UN
IT
AR
EA
LOA
D
LOA
D
LOA
D
-%
I
LOA
D
kg/
yr
ilh
a/y
r
kg/
yt
‘7-
j/h
a/Y
r
0.1
13
0.0
22
0.0
25
96.
0
0.0
05
0.0
77
0.0
15
0.0
18
80.
0
0.0
04
0.2
41
0.0
30
0.0
09
100
.0
0.0
01
7.2
32
0.9
14
0.0
40
45.
0
0.0
05
0.2
73
0.0
44
0.0
04
100
.0
0.0
01
0.1
04
0.0
17
0 0
03
100
.0
0.0
01
0.0
27
0.0
15
0.0
00
0.0
0.0
00
0.0
22
0.0
12
0.0
00
0.0
0.0
00
0.0
46
0.0
15
0.0
00
0.0
0.0
00
0.0
87
0.0
29
0.0
00
0.0
0.0
00
0.1
84
0.0
34
0.0
01
0.0
0.0
00
0.5
61
0.1
03
0.0
04
47.
0
0.0
01
0.1
59
0.0
28
0.0
00
0.0
0.0
00
0.7
88
0.1
40
0.0
02
10.
0
0.0
00
0.0
47
0.0
16
0.0
02
0.0
0.0
01
0.0
41
0.0
14
0.0
01
0.0
0.0
00
0.0
00
0.0
00
0.0
00
0.0
0.0
00
0.0
11
0.0
05
0.0
00
0.0
0.0
00
0.0
46
0.0
23
0.0
34
87.
5
0.0
17
0.0
43
0.0
22
0.0
44
65.
7
0.0
22
0.0
52
0.0
12
0.0
00
0.0
0.0
00
0.0
43
0.0
10
0.0
01
0.0
0.0
00
*
I =
Dor
man
t,
col
d-w
arm
ing
(Ja
m-A
pri
l);
II
= a
cti
ve
(Ma
y-A
ugu
st)
;
III
- d
orm
ant
,
cooling-cold (Sept.-Dec.)
H
***
Upper line of values
Lower line of values
NAQUADAT Method, 1976 only
NAQUADAT Method, 1975-1977 2-year mean
Estimates only — many concentrations below detection limit
TABLE 10.2.h.
 
Total loads, unit-area loads and seasonal distribution of Endosulfan
and Polychlorinated Biphenyls, 11 agricultural watersheds. 1975-77.
  
 
ENDOSULFAN*** POLYCHLORINATED BIPHENYLS
** *
é TOTAL + SEASON UNIT AREA TOTAL** + SEASON* UNIT AREA
3. LOAD -% I II III LOAD LOAD -% I II III LOAD
_;_k
g/yr
‘7.
'A.
‘7.
g/
wﬁ
[yr
7.
‘7.
"I.
ggha
/yr
1 0.032 95.6 4.4 0.0 0.006 0.403 92.6 7.4 0.0 0.079
0.108 86.1 4.6 9.3 0.020 0.545 62.7 23.1 14.2 0.107
2 0.094 84.1 15.9 0.0 0.012 1.710 75.0 9.7 17.1 0.216
0.087 69.7 11.9 18.4 0.010 1.540 58.2 17.0 24.8 0.195
3 0.002 100.0 0.0 0.0 0.000 1.151 78.7 15.4 5.9 0.186
0.00
1
50.0
50.0
0.0
0.00
0
0.84
6
68.7
17.2
14.1
0.13
6
4 0.006 100.0 0.0 0.0 0.003 0.191 90.6 1.6 7.8 0.103
0.00
2
81.8
18.2
0.0
0.00
1
0.18
9
67.5
8.5
24.0
0.10
2
5
0.01
3
98.5
0.0
1.5
0.00
4
0.64
1
82.5
11.1
6.4
0.21
4
0.01
2
100.
0
0.0
0.0
0.00
4
0.50
5
76.4
13.7
9.9
0.16
8
6
0.05
3
98.5
.0
1.5
0.01
0
0.62
8
64.2
18.3
17.5
0.11
5
0.0
41
68.
9
17.
8
13.
3
0.0
07
0.8
03
37.
0
33.
0
30.
0
0.1
47
7
0.00
0
0.0
0.0
0.0
0.00
0
0.97
7
73.4
17.1
9.5
0.17
3
0.0
11
0.0
0.0
100
.0
0.0
02
0.9
52
46.
3
24.
8
28.
9
0.1
69
10
0.00
0
0.0
0.0
0.0
0.00
0
0.29
2
81.8
16.
1.8
0.09
7
0.0
01
0.0
0.0
100
.0
0.0
00
0.2
60
60.
6
20
0
19.
4
0.0
86
11
0.000
0.0
0.0
0.0
0.000
0.201
97.5
2.0
0.5
0.084
0.00
0
0.0
0.0
0.0
0.00
0
0.35
8
99.3
0.5
0.2
0.15
0
13
0.0
93
79.
4
18.
9
1.7
0.0
46
0.2
66
94.
0
4.9
1.1
0.1
34
0.10
8
45.6
41.0
13.4
0.05
4
0.25
4
71.1
14.9
14.0
0.12
8
14
0.0
23
100
.0
0.0
0.0
0.0
05
0.6
39
82.
6
2.5
14.
9
0.1
42
0.0
16
95.
8
0.0
0.2
0.0
04
0.5
10
73.
1
4 7
22.
2
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The temporal pattern of suspended sediment loads for
the eleven agricultural watersheds is revealed in Figure
10.2.b. Most of the total annual load leaves the mouths of
the watersheds during the months of February through April
as summarized in Table 10.2.1 for 1976. This same pattern
has been confirmed for many rivers in larger drainage basins
in Ontario.
TABLE 10.2.i. Seasonal Distribution of Average Sediment Loadings
for Agricultural Watersheds (%) in 1976
METHOD AND NUMBER OF
  
_ - 8 PT - DEC.
AGR
ICU
LTU
RAL
WAT
ERS
HED
S
JAN
APR
IL
MAY
AUG
U T
SE
*
NAQUADAT 77 21 2
(ll Watersheds)
**
BEA
LE
RAT
IO
EST
.
76
20
4
(10 Watersheds,
AG-ll missing)
*
NAQ
UAD
AT
79
19
2
( 6 Detailed
Watersheds)
*
HYD
ROG
RAP
H I
NTE
GRA
TIO
N
86
12
2
( 6 Detailed
Watersheds)
* Data available by months (see Histograms).
** See Table 10.2.b.
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Point : Non—Point Distribution:
There have been no measurable non-agricultural point
sources of pollution in the agricultural watersheds. Although
many agricultural activities in fact behave as point sources
(e.g. drain outfalls, livestock housing runoff discharges,
and specific fields or portions of fields draining directly
into a waterway), it has not been possible to measure the
loads attributable to such specific sources.
The lumping of
these various agricultural point sources into a diffuse load
has been proven convenient. However, the consideration of
remedial practices must not lose sight of the nature of the
agricultural sources.
Relative Significance of Land Uses and Practices:
It must be understood that the Agricultural Watershed
Study does not, by itself, have the capability of determining
the relative significance of agricultural land use gig a gig
other land uses (e.g. urban, extractive, etc.). The contrib-
ution of pollutants to the Grand and Saugeen rivers from sources
other than agricultural land has been estimated by scientists in
the OMOE studies. The estimates of contributions from agri—
cultural activities obtained in the AgriCultural Watershed
Studies can be compared with the OMOE estimates of those from
other land uses, which are presented in the Summary reports
of the Grand and Saugeen River Pilot Watershed Studies. This
comparison is discussed in Section 11.3 of this report.
Within the generalized category of agricultural land use,
there are identifiable practices and conditions which have
varying significance in terms of water quality. For convenience,
the relative significance of agricultural practices and
conditions can be discussed by water quality parameter group:
10.4.1 Phosphorus:
On a watershed—to—watershed basis, about 86% of the
variability in 1976 measured total phosphorus unit—area
loads from agricultural land can be accounted for by
differences in surface soil clay content (texture) and in
the percentages of the area which is cultivated to row
crops (corn, soybeans, tobacco, vegetables). The same
variables accounted for 92% of the variability in measured
flow—weighted mean concentrations. Based on farmland
alone, in 1976 the unit—area loadings varied by a factor
of about 20 from the lowest yielding area to the highest
(i.e. fron1(.1 to 1.82 kg/ha/yr). The greater portion of
this difference can be attributed to differences in soil
type with higher P losses from soils with higher clay
content. Table 10.4.a.shows the-estimated loadings from
the major identifiable land uses within the Agricultural
watersheds. J
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Table 10.4.a: Estimated Annual Total Phosphorus load from Sources within the
Agricultural Watersheds
 
Watershed 1976 Measured Total
Estimated Load From
Streambank Cropland2 Livestock3 Unimprzved Total
Beale R.E. NAQUADAT Erosion1 Land Estimated
Load
- - - - — - - - - - - Tonnes/yr - - - - — - - - - - - -
Ag-l 6.50 8.69 0.57 7.55 0.06 0.02 8.20
Ag-2
2.06
1.85
0.05
3.17
0.05
0.23
3.50
Ag-3
5.67
5.46
0.13
3.12
0.66
0.04
3.95
Ag-4
1.86
1.40
0.20
1.38
0.34
0.01
1.93
Ag-S
4.60
3.21
0.01
1.96
0.39
0.04
2.40
Ag—6
0.90
0.80
0.02
1.16
0.58
0.15
1.91
Ag—7
0.50
0.53
0.03
0.40
0.28
0.13
0.84
Ag-lO
4.64
4.43
0.04
2.60
0.35
0.04
3.03
Ag-ll
1.17
0.70
0.15
0.00
0.23
0.01
0.39
Ag-13
1.82
1.51
0.03
2.17
0.01
0.01
2.22
Ag-l4
3.67
2.66
0.22
1.26
0.56
0.03
2.07
l. Streambank sediments estimated by K. Knapp x average P conc. (0.733) x P Enrichment
3.
ratio (1.1)
Sediment associated P + Dissolved P from cropland. Sediment associated P estimated
from model based on gross erosion, estimated delivery ratio and estimated P
enrichment ratio. Dissolved P calculated assuming proportion of total P from
cropland that was in dissolved form was the same as for that from agricultural land:
Dissolved P from Cropland
_ Sed. Assoc. P from Cropland (Model)
—Total P from Ag.Land (Regr) - Diss. P Ag.Land (Reg) x DISS' P Ag'Land
Estimated by Robinson and Draper (LiVestock Integrators)
Calculated assuming unit-area load of 0.08 kg/ha
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Two-year loading data analysis showed that an estimate
of soil extractable phosphorus, based on the records of
the Soil Testing Service at the University of Guelph for
the county in which each watershed was located, was a
better variable than row crops for both total phosphorus
unit-area load and flow-weighted mean concentration
variability explanation; This is thought to be because
this variable is influenced by (statistically correlated
with) both row crops and phosphorus fertilizer use.
Soluble ortho-phosphorus is considered to be that which
was found in water filtered through a 0.45 u membrane
filter. It averages 43% of the total P load in runoff from
the 11 agricultural watersheds with a range of 25-60%.
About 96% of the variability in the two-year unit-area
loads of total dissolved P can be accounted for by surface
soil clay content, the sum of the fertilizer and manure P
applied in the watershed and the density of rural residences.
The estimates which are presented in Table 10.4.a.
show that livestock were contributing phosphorus at rates
which ranged from 0.5% to 60%, with a mean of 19.5%.
These estimates were made with the use of a livestock
input model.
In addition to the sources indicated in Table 10.4.a,
private sewage disposal systems are contributing to
phosphorus loadings in agricultural areas. Results of a
study conducted on an agricultural watershed with a high
density of rural residences (AG-13) indicated a definite
contribution from septic systems. Other PLUARG studies on
P losses from septic tanks have indicated that P will
normally be transported only very short distances from the
system (probably much less than 30 m). Thus it is only
where a system is located very close to a stream or it is
linked directly to a field drainage system that these
sources would be likely to influence P loadings in streams.
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Elevated
groundwater
N
concentrations
frequently
were
observed
beneath
or
downslope
of
heavily
N
fertilized
crops,
especially
in
coarse
textured
soil material.
These
high
levels
were
also
found
downslope
of an
unpaved
feedlot.
A
detailed study of groundwater N movement was conducted in
one watershed
(AG-l3),
and groundwater
N
inputs
to
the
stream
were
estimated
to
exceed
those
from
surface
runoff.
However,
it
is not
possible to predict
the N
loss
associated
with
groundwater
movement
into
streams
because
of
the
site
specific
distribution
of
N
and
possible
denitrification
of
groundwater
N.
It
is
also,
therefore,
not
possible
to
determine
whether
increased
N
useage
in
the
recent
past
(six-fold
increase
in
fertilizer
N
sales
from
1960
-
1975)
will
significantly
increase
the
N
content
of
the
ground-
water
component
of
stream
flow
in
the
future.
10.4.3. Sediment:
Measured
suspended
sediment
loads
are
not
available
for
various
agricultural
land
uses
and
practices.
However
a
picture
of
the
effects
of
land
use
and
practice
on
'potential
soil
losses
has
been
developed
both
for
long-
term
average
annual
and
1976
rainfall
conditions.
Sheet
and
rill
erosion
losses,
predicted
by
a
modified
Soil
Loss
Equation
with
a
delivery
ratio,
are
shown
in
Figure
10.4.a
for
the
agricultural
watersheds,
the
estimates
having
been
modified
to
include
snowmelt
effects.
Long-term
crop
averagesyhave
also
been
included
in
the
Figure.
The
temporal
pattern
of
these
soil
losses
has
been
included
in
Figure 10.4.b.
High
long-term
average
erosion
rainfall
values
account
for
some
of
the
higher
soil
losses
in
AG-l
and
AG-l3,
but
the
watersheds
exhibiting
relatively
high
potential
soil
losses
are
also
those
which
are
intensively
farmed
with
a
high
percentage
of
row
crops.
The
monthly
patterns
of
the
"R"
factor
representing
the
rainfall
effect
on
erosion
are
shown
in
Figure
10.4.c.
It
should
be
noted
that
1976
exhibited
a
rainfall
erosional
factor
that
on
the
average
for
the
eleven
watersheds
was
double
the
long-term
rainfall
factor.
It
is
for
this
reason
that
the
predicted
soil
losses
for
1976
are
substantially
higher
than
those
for
the
long
term.
Similarly
sediment
loads
for
1976
may
be
higher
than
average
annual
values.
With
present
trends
towards
changing
land
use
practices
(for
example,
more
continuous
row
cropping
systems)
often
in
combination
with
increased
transport
capacity
(for
example
reduced
vegetative
buffering
along
streams,
increased
delivery
ratios,
increased
drainage
density),
watersheds
in
the
low
(AG—2,
l4,
6,
7,
11)
and
medium
(AG—4,
10,
5,
13,
3)
s
e
d
i
m
e
n
t
load
c
a
t
e
g
o
r
y
have
the
p
o
t
e
n
t
i
a
l
to
b
e
c
o
m
e
m
e
d
i
u
m
or
high
sediment
producing
watersheds
respectively.
Classi-
f
i
c
a
t
i
o
n
‘i
n
t
o
3
s
e
d
i
m
e
n
t
load
c
a
t
e
g
o
r
i
e
s
a
c
c
o
r
d
i
n
g
to
the
Integration
and
NAQUADAT
approaches
is
shown
in
Figure
10.2.3.
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Cor
rel
ati
on
ana
lys
is
has
ind
ica
ted
tha
t
the
mos
t
sig
nif
ica
nt
wat
ers
hed
cha
rac
ter
ist
ic
rel
ate
d
to
two
—ye
ar
uni
t-a
rea
loa
din
gs
and
flo
w—w
eig
hte
d m
ean
con
cen
tra
tio
ns
of
sus
pen
ded
sed
ime
nt
is
%
cul
tiv
ate
d
lan
d.
Alt
hou
gh
the
rel
ati
ve
sus
pen
ded
sed
ime
nt
loa
din
gs
fro
m t
he
var
iou
s
lan
d
use
s a
re
not
ava
ila
ble
,
res
ear
ch
obs
erv
ati
ons
hav
e r
eve
ale
d
tha
t
the
bul
k
of
the
loa
d
fro
m t
he
agr
icu
ltu
ral
wat
ers
hed
s
ema
nat
es
fro
m c
rop
lan
d.
Fur
the
r,
agr
icu
ltu
ral
pra
cti
ces
whi
ch
lea
ve
the
soi
l r
ela
tiv
ely
bar
e d
uri
ng
the
sno
wme
lt
and
spr
ing
per
iod
con
tri
but
e h
eav
ily
to
sus
pen
ded
sed
ime
nt
loads.
Watershed sediment loads were partitioned into stream-
ban
k a
nd
she
et
ero
sio
n c
omp
one
nts
for
the
197
6 d
ata
.
The
amount of bank erosion that was transported was assumed to
include only the silt and clay fraction of the eroded
material, and was expressed as a percentage of the 1976
measured sediment loads (Table 10.4.c). It is evident
that sheet and rill erosion contributed the largest per-
centage of the sediments (70 to 100%), while the bank
erosion contributed between 0 and 30 percent.
10.4.4. Heavy Metals (Pb, Cu, Zn):
Twelve trace elements — Al, As, Cd, Cr, Cu, Fe, Hg,
Mo, Ni, Pb, Se and Zn — were monitored in stream waters.
Only Cu, Pb, Zn and Fe were routinely detected in the
streams. Of the latter, only the first three are
considered potential pollutants.
Persistent problems of detection limits and lack of
sensitivity for metal measurements may be influencing the
metal loads calculated from each watershed._ In
Tables 10.2.c and d, the loadings of Pb for all Sites, and
for Cu at sites where no samples were above the detection
limit, have been presented as 50% lower than the originally
computed value which was based on the detection limit.
This was done because detailed studies indicated that with
refined techniques of analysis, some metal could be detected
at much lower concentrations than was possible under the
routine sampling.
Average yearly metal concentrations in stream waters
showed very little differences between watersheds; Pb
ranged from 0.003-.010 mg/L for each watershed, while Cu
ranged from 0.005-0.010 mg/L and Zn ranged from .006—.020
mg/L. Concentrations of metals in stream waters were often
related to other components present in the water - the most
 TABLE 10.4.c. - Partitioning of 1976 measured suspended sediment loads into
streambank and cropland erosion components.
1976 STREAMBANK2
STREAMBANK AS
CROPLAND AS PROPORTION
EROSION ESTIMATES
PROPORTION OF TOTAL OF TOTAL SEDIMENT LOAD
(kg/ha/yr)
SEDIMENT LOAD (7.)
(100 -% STREAMBANK)
WATERSHED
1976 SEDIMENT LOADS1
(kg/ha/yr)
AG-l
998
223
22
78
AG-2
140
10
7
93
AG-3
258
24
9
91
AG-4
419
137
33
67
AG-5
351
5
15
98.5
AG—6
64
10
16
84
AG—7
43
7
16
84
AG-lO
375
17
5
95
AG-ll3 19 65 -— -_
AG—l3
310
41
13
87
AG—14 135 75 —— ..
1Using NAQUADAT method of sediment load computation.
2Knap, (1978) PLUARG Task C, Activity 6.
3
.
Problems With streamflow measurements account for the very low sediment load.
4Estimates for original selected watersheds, before relocation.
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im
po
rt
an
t
of
wh
ic
h
wa
s
su
sp
en
de
d
se
di
me
nt
.
Pb
an
d
Zn
di
d
no
t
ha
ve
pa
rt
ic
ul
ar
ly
st
ro
ng
re
la
ti
on
sh
ip
s
wi
th
an
y
of
th
e
co
mp
on
en
ts
an
d
mu
lt
ip
le
re
gr
es
si
on
di
d
no
t
gi
ve
st
at
is
ti
ca
ll
y
si
gn
if
ic
an
t
re
la
ti
on
sh
ip
s
at
th
e
p
;
.0
5
le
ve
l.
Cu
is
on
e
me
ta
l
th
at
is
ex
pe
ct
ed
to
be
le
ss
aS
so
ci
at
ed
wi
th
pa
rt
ic
u-
la
te
s
th
an
mo
st
me
ta
ls
.
Cu
is
us
ua
fl
y
hi
gh
ly
as
so
ci
at
ed
wi
th
or
ga
ni
c
ma
tt
er
an
d
in
th
es
e
wa
te
rs
he
ds
or
ga
ni
c
ca
rb
on
ga
ve
th
e
st
ro
ng
es
t
po
si
ti
ve
re
la
ti
on
Sh
ip
wi
th
Cu
(r
2
=
0.
64
).
Th
er
e
wa
s
al
so
a
si
gn
if
ic
an
t
po
si
ti
ve
co
rr
el
at
io
n
wi
th
ni
tr
og
en
(r
2
=
0.
53
)
be
ca
us
e
of
th
e
po
si
ti
ve
re
la
ti
on
sh
ip
be
tw
ee
n
N
an
d
or
ga
ni
c
ca
rb
on
(r
2
=
0.
62
).
De
pe
nd
in
g
on
th
e
in
di
vi
du
al
el
em
en
t,
su
sp
en
de
d
se
di
me
nt
s,
to
ta
l
ca
rb
on
,
or
ga
ni
c
ca
rb
on
,
to
ta
l
ph
os
ph
or
us
or
to
ta
l
ni
tr
og
en
in
wa
te
r
ma
y
be
as
so
ci
at
ed
wi
th
th
e
el
em
en
t.
Wh
en
co
ns
id
er
at
io
n
wa
s
gi
ve
n
to
lo
ad
in
gs
fo
r
ex
tr
ap
ol
at
io
n
pu
rp
os
es
,
so
me
st
at
is
-
ti
ca
ll
y
si
gn
if
ic
an
t
re
la
ti
on
sh
ip
s
we
re
fo
un
d.
Fo
r
ex
am
pl
e,
su
sp
en
de
d
so
li
ds
lo
ad
in
gs
ac
co
un
te
d
fo
r
58
an
d
74
%
of
th
e
va
ri
ab
il
it
y
in
Cu
an
d
Zn
lo
ad
in
gs
re
sp
ec
ti
ve
ly
.
Re
la
ti
ng
th
e
me
ta
l
co
nc
en
tr
at
io
ns
in
wa
te
r
to
wa
te
rs
he
d
ch
ar
ac
te
ri
st
ic
s,
it
wa
s
fo
un
d
th
at
th
e
st
ro
ng
es
t
co
rr
el
at
io
ns
we
re
be
tw
ee
n
th
e
me
ta
ls
an
d
th
e
na
tu
ra
l
as
pe
ct
s
of
th
e
wa
te
r-
she
d,
su
ch
as
su
rf
ac
e
cl
ay
co
nt
en
t
or
st
re
am
de
ns
it
y,
wi
th
ve
ry
li
tt
le
in
fl
ue
nc
e
fr
om
th
e
ag
ri
cu
lt
ur
al
ac
ti
vi
ti
es
.
10.4.5. Toxic Organics and Pesticides:
The
far
m—t
o-f
arm
sur
vey
rev
eal
ed
77
dif
fer
ent
pes
tic
ide
s
wer
e b
ein
g u
sed
in
the
11
agr
icu
ltu
ral
wat
ers
hed
s.
The
ana
lyt
ica
l m
oni
tor
ing
sur
vey
inc
lud
ed
a n
umb
er
of
pes
tic
ide
‘
typ
es
whi
ch
was
suf
fic
ien
t t
o a
cco
unt
for
93%
of
the
tot
al
vol
ume
of
ins
ect
ici
des
use
d,
0.1
% o
f t
he
fun
gic
ide
vol
ume
and 75% of the herbicide volume. It did not cover the
nematocides, growth regulators nor petroleum products
(i.e. oils) used. Included in the analytical procedure
were the two industrial chemicals PCB and mirex. Table
10.4.d. presents levels and frequency of occurrence for
insecticides, PCB's and herbicides.
The occurrence of most of these pesticide and toxic
organic materials in streamwater is not consistent enough
to allow statistical correlations with watershed characteris-
tics to be developed. Atrazine was one exception to this
rule, and in spite of its only being used in corn, unit—
area loadings were found to be best correlated with soil
clay content and with the index of surface water pollutant
transfer potential. In multiple linear regression, either
of these characteristics, together with corn area, (which
was not statistically significant at the p = .05 level),
accounted for about 81% 0f the variability in atrazine
unit-area loadings.
TABLE 10.4.d.
Herbicide
s in 949
stream wa
ters of
11 Agricu
ltural W
atersheds
between M
ay 1975
and April
1977
Percent water sam
ples at each leve
l ug/L Content in w
ater u
g/L
 
Not
Detected
Trace
.02
-.0
9
Low
0.1
-1.
0
Medium
1.1-10.0
High
10.
1+
Mean
S.D.
Highest Reading
Alachlor
Atraz
ine**
Cyprazine
2,4-D
Dicamba
MCPA
Metri
buzin
Prometone
Simazine
2,4
,5-
T
99.7
19.8
98.6
93.1
99.1
99
.4
98
.6
99
.2
90
.9
97
.8
0.2
8.
9
0
.
3
0.8
5
.
4
0.0
50.5
0.
6
0.0
17.5
0.0
0.6
0.0
0.2
0.0
0
.
3
0.0
3
.
3
0.0
<0.02 -
1.4
8.4
<0.02
—
<0.1
-
<0.1 -
<0.02 -
<0.02
-
0.04 0.35
<0.l -
9.0
3
2
.
8
18
.0
320.0
0
.
3
1
.
4
0.
07
3.4
1.1
* betec
tion limi
t for 2,4
-D, 2,4,5
-T, MCPA
and Dicam
ba was 0.
1
** Atrazine - The mean residue of 1.4 was made up of 0.26 ppb de-ethylated atrazine
and 1.14 ppb atrazine in a ratio of 1 : 4 3
3
9
 
 TABLE
10.4.d.
continued
4
0
Insecticides
and
PCB in
949
water
samples
from
11 Agricultural
Watersheds
between May
1975
and April
1977
Percent water samples at each level ng/L
Content in water ng/L
Or
anochlorine
 
  
 
Not‘
a.
Trace
Low
Medium
High
Me
S D
Highest
_Detected
0.4 —0.9
' 1-10
11-100
101+
a“
' '
Reading
a) Past Use
ZDDT
*
6.8
.3.6
74.5
14.0
1.1
7.1
28.
347.
a) Past_Use
Dieldrin
7964
4.1
11.9
4.5
0.1
1.6 12. 120.
.
b) Present Use
v
.
Chlo
rdan
e
98-4
0-0
1.4
0.2
0.0
<0.4
-
47.
b)
Present
Use
Heptachlor
94.0
0
0.9
3.5
1.5
0.1
0.8
24.
370-
epoxide
b)
Present
Use'
Endosulfan
3)Non
Pesticide
(<2)
‘
(2-10)
PCB
0‘0
5.6
16.2
80.7
1.5
9.0
8.5
0.3
3.3
23.
100.
77.7
0.5 31.
42. 200.
.
’
L
QEBanophosphorus
Percent water samples at each level ng/L
Content in water ng/
Not
Trace
Low
Medium
High
Me n
S D
Highest
Detected
0.01—0.1
0.11—1.0
1.1-10.0
10.0+
a
' '
Reading
Chlorpyriphos
99.7
0.0
0.2
0.1
0.0
<0.01
-
1.6
Diazinon
90.9
1.7
4.5
2.3
0.6
0.49
-
140.
Ethion
99.8
0.2
0.0
_ 0.0
0.0
<o.01
—
0.04
Malathion
99.6
0.0
0.3
0.1
0.0
<0.01
-
1.8
 
* ZDDT
The mean residue of 7.1 ng/L consisted of 4.1 ng/L DDE,
1.6 ng/L TDE and
1.4 ng/L DDT.
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0
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4
.
6
.
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a
c
t
e
r
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r
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p
r
i
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1
9
7
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t
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p
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9
7
7
,
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u
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f
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c
e
w
a
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e
r
s
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p
l
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w
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r
e
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c
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1
1
a
g
r
i
c
u
l
t
u
r
a
l
w
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t
e
r
s
h
e
d
s
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T
h
e
s
a
m
p
l
e
s
c
o
l
l
e
c
t
e
d
i
n
1
9
7
4
w
e
r
e
t
a
k
e
n
f
r
o
m
t
h
e
o
r
i
g
i
n
a
l
l
y
s
e
l
e
c
t
e
d
s
i
t
e
s
,
s
o
m
e
o
f
w
h
i
c
h
w
e
r
e
r
e
-
l
o
c
a
t
e
d
i
n
M
a
r
c
h
1
9
7
5
.
T
h
e
s
i
x
d
e
t
a
i
l
e
d
s
t
u
d
y
s
i
t
e
s
(
A
G
-
1
,
3
,
4
,
5
,
1
0
,
1
3
)
w
e
r
e
e
x
t
e
n
s
i
v
e
l
y
m
o
n
i
t
o
r
e
d
w
i
t
h
u
n
i
f
o
r
m
s
a
m
p
l
i
n
g
f
r
e
q
u
e
n
c
i
e
s
;
t
h
e
o
t
h
e
r
f
i
v
e
a
g
r
i
c
u
l
t
u
r
a
l
s
i
t
e
s
w
e
r
e
s
a
m
p
l
e
d
1
-
1
3
t
i
m
e
s
p
e
r
m
o
n
t
h
.
A
l
l
w
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
a
n
a
l
y
z
e
d
f
o
r
d
e
n
s
i
t
i
e
s
o
f
p
o
l
l
u
t
i
o
n
i
n
d
i
c
a
t
o
r
b
a
c
t
e
r
i
a
(
T
C
-
t
o
t
a
l
c
o
l
i
f
o
r
m
s
,
F
C
—
f
e
c
a
l
c
o
l
i
f
o
r
m
s
,
F
S
-
f
e
c
a
l
s
t
r
e
p
t
o
c
o
c
c
u
s
)
,
P
s
e
u
d
o
m
o
n
a
s
a
e
r
u
g
i
n
o
s
a
a
n
d
S
a
l
m
o
n
e
l
l
a
s
p
.
T
a
b
l
e
1
0
.
4
.
e
.
s
u
m
m
a
r
i
z
e
s
t
h
e
m
i
n
i
m
u
m
a
n
d
m
a
x
i
m
u
m
m
o
n
t
h
l
y
g
e
o
m
e
t
r
i
c
m
e
a
n
l
e
v
e
l
s
o
f
T
C
,
F
C
a
n
d
F
8
i
n
s
u
r
f
a
c
e
w
a
t
e
r
s
f
r
o
m
e
a
c
h
o
f
t
h
e
a
g
r
i
c
u
l
-
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
.
T
h
e
d
e
n
s
i
t
i
e
s
o
f
t
h
e
s
e
p
o
l
l
u
t
i
o
n
i
n
d
i
c
a
t
o
r
b
a
c
t
e
r
i
a
s
h
o
w
e
d
w
i
d
e
v
a
r
i
a
t
i
o
n
s
a
t
a
l
l
s
i
t
e
s
.
P
o
p
u
l
a
t
i
o
n
f
l
u
c
t
u
a
t
i
o
n
s
o
f
b
a
c
t
e
r
i
a
w
e
r
e
n
o
t
e
d
d
u
r
i
n
g
t
h
e
v
a
r
i
o
u
s
s
e
a
s
o
n
s
w
i
t
h
t
h
e
h
i
g
h
e
s
t
l
e
v
e
l
s
f
o
u
n
d
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
a
n
d
f
a
l
l
.
I
n
g
e
n
e
r
a
l
,
d
u
r
i
n
g
t
h
e
e
n
t
i
r
e
s
t
u
d
y
p
e
r
i
o
d
,
t
h
e
d
e
n
s
i
t
i
e
s
o
f
T
C
,
F
C
a
n
d
F
S
w
e
r
e
c
o
n
s
i
s
t
e
n
t
l
y
h
i
g
h
e
r
in
w
a
t
e
r
s
h
e
d
s
l,
3,
5,
10
a
n
d
13
t
h
a
n
in
w
a
t
e
r
s
h
e
d
s
2,
6,
7
a
n
d
11.
I
n
d
i
c
a
t
o
r
b
a
c
t
e
r
i
a
w
e
r
e
h
i
g
h
e
r
in
m
o
r
n
i
n
g
s
a
m
p
l
e
s
t
h
a
n
a
f
t
e
r
n
o
o
n
s
a
m
p
l
e
s
.
D
e
n
s
i
t
i
e
s
of
i
n
d
i
c
a
t
o
r
bacteria
and
pathogens
increased
substantially
following
precipitation
on
two
separate
occasions
during
the
course
of the survey.
 
 TABLE 10.4.8.
MI
NI
MU
M
AN
D
MA
XI
MU
M
MO
NT
HL
Y
GE
OM
ET
RI
C
ME
AN
LE
VE
LS
OF
PO
LL
UT
IO
N
IN
DI
CA
TO
R
BA
CT
ER
IA
IN
SU
RF
AC
E
WA
TE
RS
FR
OM
AG
RI
CU
LT
UR
AL
WA
TE
RS
HE
DS
SITE
 
AG-l
AG-2
AG-3
AG-5
AG-6
AG-7
AG-10
AG-ll
AG—13
BACTERIA PER 100 ML
TOTAL COLIFORM
FECAL COLIFORM
MI
NI
MU
M
MA
XI
MU
M
MI
NI
MU
M
MA
XI
MU
M
40 22900 31 1340
83 5050 15 608
817 730000 12 85000
101 880000 24 62000
84 3800 10 444
10 1240 8 165
20 180000 4 8000
20 8100 10 2500
200 76000 10 5970
(B
AS
ED
ON
AP
RI
L
19
74
TO
AP
RI
L
19
77
DA
TA
)
FECAL STREPTOCOCCUS
MINIMUM MAXIMUM
35
7O
42
10
30
10
2470
1090
5440
88000
230
275
7100
940
2250
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Pollutant Delivery
T
h
e
delivery
of
a
pollutant
from
its
point
of
origin
to
the
Great
Lakes
is
a
complex
process
that
can
vary
for
each
pollutant.
For
some
pollutants
the
delivery
to
the
Great
Lakes
is
eSSentially
complete,
while
for
other
depositional
or
atmospheric
losses
can
render
the
delivery
incomplete.
Deposition
in
streams
and
losses
to
the
atmosphere
from
streams
are
difficult
to
measure
or
estimate,
and
few
additional
data
are
available
from
the
Agricultural
Watershed
Studies
by
which
to
evaluate
in—stream
tranSport.
However,
considerable
effort
has
been
expended
in
these
studies
to
determine
the
rates
of
delivery
of
sediment
from
the
soil
surface
to
streams.
The
ratio
of
eroded
soil
to
sediment
measured
in
the
stream
is
referred
to
here
as
the
delivery
ratio.
Delivery
ratios
have
been
used
in
both
the
Canadian
and
United
States
Great
Lakes
Basin
Studies
for
the
prediction
of
fluvial
suspended
sediment
loads
when
erosion
rates
at
the
point
of
sediment
origin
were
known.
For
the
case
of
sediments,
delivery
ratio
has
been
defined
as:
Diiigifx=
Stream
Sediment
Load
%
Sheet
and
Rill
Erosion
+
Streambank
Erosion
 
X 100
Published
sediment
delivery
ratios
were
available
for
use
in
PLUARG studies but in many cases these values were not developed
from Great Lakes Basin data.
Since measures of fluvial
sus—
pended sediment load as well as potential gross erosion values
were available for the ll agricultural study watersheds in
Canada, it was possible to compute a sediment delivery ratio for
these watersheds. Table 10.5 shows the computed sediment delivery
ratios for the 11 agricultural study watersheds as well as
estimated values of delivery ratios based on published drainage
basin area and soil texture relationships. In many cases the
computed and published delivery ratios compare favourably (e.g.
AG-l, 2, 4, 5, 10, 14), while in the other watersheds the
computed delivery ratios are (AG-3, 6, 7, ll, 13) significantly
less than the published values (Table 10.5). As these discrepancies
cannot be quantifiably predicted at this time, it is apparent
that extreme care should be used in the selection of sediment
delivery ratios to avoid over-estimation of fluvial sediment loads.
Sediment delivery ratios were also computed from 1976 data
on a monthly basis for the Canadian agricultural study watersheds
in order to investigate seasonal variation in sediment delivery.
The general seasonal picture that evolved was a high delivery of
ero
ded
sed
ime
nts
in
the
cool
, w
et
spr
ing
mon
ths
(Fe
bru
ary
, M
arc
h,
April) and a low delivery of eroded sediments in the summer
month
s (J
une,.
hﬂy,
Augus
t) t
hat_i
ncrea
sed o
nly s
light
ly du
ring
; 1
the
aut
umn
mon
ths
pri
or
to
fre
eze
up.
Whi
le
soi
l e
ros
ion
may
be
.
act
ive
thr
oug
hou
t t
he
yea
r,
the
re
app
ear
s t
o b
e o
nly
ayr
ath
er
sho
rt
tim
e
per
iod
in
the
spr
ing
of
the
yea
r
whe
nt
he
tra
nsp
ort
of
ero
din
g s
edi
men
ts
to
str
eam
s i
s s
ign
ifi
can
t.
The
se
dat
a g
ive
w
-
«
.
—
~
.
.
r
~
.
A
.
cre
den
ce
to
the
sug
ges
tio
n
tha
t
eff
ect
ive
soi
l e
ros
ion
rem
edi
al
mea
sur
es
mus
t t
ake
int
o a
cco
unt
bot
h t
emp
ora
l a
nd
spa
cia
l a
spe
cts
of the erosion process.
 Fu
rt
he
r
to
th
e
ab
ov
e
an
al
ys
is
,
a
tw
o-
ye
ar
fi
el
d
st
ud
y
(1
97
5,
19
76
)
on
ar
ea
s
th
at
co
nt
ri
bu
te
se
di
me
nt
s
in
to
th
e
st
re
am
s
in
di
ca
te
d
th
at
an
av
er
ag
e
of
on
ly
10
%
in
AG
-4
an
d
15
%
in
AG
-S
of
th
e
wa
te
rs
he
d
ar
ea
is
ac
ti
ve
ly
co
nt
ri
bu
ti
ng
to
st
re
am
se
di
me
nt
lo
ad
s.
Un
de
r
hi
gh
so
il
mo
is
tu
re
co
nd
it
io
ns
su
ch
as
oc
cu
r
in
th
e
sp
ri
ng
mo
nt
hs
,
th
e
se
di
me
nt
pr
od
uc
in
g
ar
ea
s
ar
e
la
rg
es
t
(1
5-
20
%
of
th
e
wa
te
rs
he
d
ar
ea
).
Un
de
r
lo
w
so
il
mo
is
tu
re
co
nd
it
io
ns
,
su
ch
as
in
su
mm
er
,
th
e
se
di
me
nt
co
nt
ri
bu
ti
ng
ar
ea
s
ar
e
mu
ch
sm
al
le
r
th
an
th
e
an
nu
al
av
er
ag
e,
va
ry
in
g
be
tw
ee
n
0-
5%
of
th
e
ar
ea
.
Du
ri
ng
th
e
su
mm
er
pe
ri
od
mo
st
of
th
e
ra
in
fa
ll
in
fi
lt
ra
te
s
in
to
th
e
so
il
an
d
ve
ry
li
tt
le
or
no
se
di
me
nt
fr
om
th
e
la
nd
sy
st
em
re
ac
he
s
th
e
st
re
am
sy
st
em
.
Fo
r
la
rg
e
st
or
ms
,
ob
se
rv
ed
co
nt
ri
bu
ti
ng
ar
ea
s
on
an
ev
en
t
or
ie
nt
ed
ba
si
s
we
re
fo
un
d
to
be
in
cl
os
e
ag
re
em
en
t
wi
th
pr
ed
ic
te
d
ov
er
la
nd
ru
no
ff
fr
om
a
Hy
dr
ol
og
ic
Mo
de
l
de
ve
lo
pe
d
as
pa
rt
of
th
e
de
ta
il
ed
ag
ri
cu
lt
ur
al
wa
te
rs
he
d
st
ud
ie
s.
In
ad
di
ti
on
,
th
e
ti
me
pe
ri
od
wh
en
ma
xi
mu
m
co
nt
ri
bu
ti
ng
ar
ea
s
we
re
ob
se
rv
ed
co
in
ci
de
d
wi
th
ti
me
pe
ri
od
s
of
ma
xi
mu
m
se
di
me
nt
de
li
ve
ry
to
st
re
am
co
ur
se
s.
De
li
ve
ry
of
se
di
me
nt
-a
ss
oc
ia
te
d
ph
os
ph
or
us
in
ov
er
la
nd
fl
ow
wi
ll
al
wa
ys
be
gr
ea
te
r
th
an
th
e
de
li
ve
ry
ra
ti
o
of
se
di
me
nt
s.
The
deg
ree
wil
l
be
rel
ate
d t
o t
he
pho
sph
oru
s
enr
ich
men
t
rat
io
wh
ic
h
wa
s
fo
un
d
to
va
ry
fr
om
1 t
o
4.
De
li
ve
ry
of
he
av
y
me
ta
ls
wi
ll
al
so
be
af
fe
ct
ed
by
th
e
en
ri
ch
me
nt
pr
oc
es
s,
as
wi
ll
th
e
pa
rt
ic
ul
at
e
fo
rm
s
of
ni
tr
og
en
an
d
ce
rt
ai
n
pe
st
ic
id
es
.
No
da
ta
ar
e
av
ai
la
bl
e
on
th
es
e
ex
pe
ct
ed
en
ri
ch
me
nt
ra
ti
os
Ho
we
ve
r,
del
ive
ry
of
pol
lut
ant
s
sub
jec
t
to
vol
ati
liz
ati
on
or
bio
log
ica
l
act
ivi
ty
cau
sin
g
los
s
to
the
atm
osp
her
e,
suc
h
as
nit
rog
en
and
som
e o
f t
he
pes
tic
ide
s,
wil
l g
ene
ral
ly
be
red
uce
d b
y t
hes
e
processes.
TABL
E 10
.5.
Deli
very
rati
os f
or t
he a
gric
ultu
ral
stud
y wa
ters
heds
Watershed Delivery Ratio (D.R.) %
Aa Bb cC
AG-1 13 16 3O
AG-Z 15 14 7
AG-3 4 15 20
AG-4 21 19 23
AG-5 7 18 21
AG—6 2 15 19
AG-7 2 15 9
AG-1O 26 18 37
AG-11 ' 5 18 38
AG-13 3 19 10
AG-14 10 16 30
 
a
Computed for the agricultural study watersheds as follows:
DOR. = Suspended Sediment Load (2 yr mean, NAQUADAT)
Average Annual Sheet and’Rill Erosion + Gross Streambank Erosion
b
Based on drainage basin area (3.0.5., National Engineering Handbook,
$23336, Sediment Sources, Sediment Yields and Delivery Ratios, U.S.D.A.,
C
Based on drainage basin area with modification for drainage basin
texture (S.C.S., Sediment Requirements for Reservoirs, Engineering
No. 16, S.C.S. Iowa State Office, DesMoines, Iowa, 1973.)
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10.7.
W
a
t
e
r
s
h
e
d
P
h
y
s
i
c
a
l
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
S
e
e
T
a
b
l
e
1
0
.
6
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S
o
i
l
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S
e
d
i
m
e
n
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C
o
m
p
o
s
i
t
i
o
n
S
e
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T
a
b
l
e
1
0
.
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Table 10.6.
Physical Ch
aracteristi
cs ofPLUARG
Agricultura
l Watershed
s
Water
shed
Surfa
ce
Avera
ge
Surfi
cial
**
1976
Tile
Drain
age
Soil Typ
e
Slope *
Geology
Drainage
Rainfall
Density
est.
Clay m
ean Z
Sand m
ean Z
m/km
Densit
y
(mm)
Z **
*
   
1
35.0
35.0
1.14
lacust
rine c
lay ov
er
0.288
729
high
till
plain
over
lime-
stone
bedroc
k
2
6.6
80.0
2.86
deep l
evel d
eltaic
0.503
-
10w
‘
sa
nd
s
3
30.0
10.0
2.86 l
evel cla
y till
plain
0.567
860
mOderate
over shale
4
V 2
5.0
25.0
8.57
silty
clay g
round
0.641
925
modera
te
mo
ra
in
e
5
20.0
25.0
8.57
calcar
eous l
oamy t
ill
0.732
1018
high
6
15.7
24.0
1.27
drumli
nized
loam t
ill
0.816
823
low
7
9.9
61.0
10.96
wind b
lown s
and an
d
0.609
840
low
silt
on sl
oping
sandy
calcareous till
10
40.0
10.0
1.25
locus
trine
and r
e-
2.164
779
low
work
ed c
lay
over
do
lo
mi
te
11
30.0
27.4
5.70
strat
ified
clay
over
1.220
737
low
shale
and l
imest
one
till
13
10.5
75.0
3.92
shallo
w mora
ine sa
nd
1.002
770
high
over cla
y till
plain
over limest
one bedrock
14
27.5
25.6
3.81
rework
ed lac
ustrin
e
0.651
924
low
clay ove
r clay
till
* Aver
age gra
dient f
rom outl
et to mo
st dist
ant wate
rshed d
ivide, a
s estim
ated fro
m l:50,0
00 topog
raphical
maps.
** Ba
sed on
stream
s and
ditche
s show
n on N
.T.S.
maps a
t l:50
,000 s
cale.
*** high =
75-lOOZ -
moderate =
25-75Z ; l
ow = 0-25Z.
9
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Table
10.77/00MPOSITION
OF
SOILS,
BOTTOM
SEDIMENTS
AND
SUSPENDED
SEDIMENTS
I
N
A
G
R
I
C
U
L
T
U
R
A
L
W
A
T
E
R
S
H
E
D
S
.
  
Cu
Pb
Zn
Clay
Total
Organic
N
P
pH
PPm
PPm
PPm
2
Carbon
Matter
Z
ppm
Soils
(Ap
Horizons)
z
Z
AG
1
25
25
120
31
2.6
3.4
.22
645
6.5
3
27
25
98
34
3.3
4.7
.29
739
7.4
4
19
21
75
24
2.8
4.3
.24
550
6.7
5
16
22
85
19
2.6
4.2
.26
976
6.8
10
16
29
125
36
3.2
3.9
.24
1668
6.2
13
13
21
54
8
1.4
2.2
.11
810
6.2
Bottom Sediments
AG
1
31
23
117
23
3.2
1.9
.08
400
7.2
3
18
17
67
15
6.5
1.8
.05
700
7.0
4
15
20
67
9
4.2
1.3
.07
700
7.5
5
16
34
75
9
5.3
1.7
.33
600
7.2
10
28
S4
401
25
3.3
.6
.08
700
7.1
13
15
19
61
1
2.2
1.1
.09
600
7.3
Suspended Sediments
AG 1 72 92 218 90 3.8 2.7 .2 -—- ———
3 4o 28 155 5.8 4.8 3.7 1.1 ___ ___
4 34 60 141 61 7.2 2.0 ‘ .6 —-- ———
5 93 48 213 79 ' 8.3 -—— 1.1 ——— ———
10 86 125 305 75 3.4 2.2 .5 ——— -—-
13
60
51
25
0
69
.3
_-
_
,1
__
_
__
_
 ll.
DATA INTERPRETATIONS AND CONCLUSIONS
Ca
us
es
an
d
Lo
ca
li
ti
es
of
Ag
ri
cu
lt
ur
al
Co
nt
ri
bu
ti
on
to
Po
ll
ut
io
n
11.1.1. Phosphorus
The
ana
lys
is
of
the
pho
sph
oru
s
dat
a
fro
m t
he
11
rep
res
en—
tat
ive
agr
icu
ltu
ral
wat
ers
hed
s
ind
ica
tes
tha
t
the
agr
icu
ltu
ral
lan
d u
se
con
tri
but
ing
the
gre
ate
st
amo
unt
of
tot
al
P t
o w
ate
r
cou
rse
s i
s c
rop
lan
d.
In
add
iti
on
to
thi
s c
onc
lus
ion
, i
t i
s
cle
ar
tha
t c
rop
lan
d o
n c
lay
soi
ls
con
tri
but
es
mor
e t
han
cro
p-
land on sandy soils.
Wit
hin
the
cro
pla
nd
are
as,
the
los
s o
f t
ota
l p
hos
pho
rus
to streams is dependent on the erosion of the soil, the P
content of the soil, and the degree to which this P content is
enriched by the erosion process and by fertilizer and manure
practices. Individual field runoff samples have shown the
effect of enrichment by fertilizers and manure practices on
cropland. On a watershed basis, it must be concluded that the
greater erosion and the higher P additions associated with the
culture of row crops, together with the tendency of clay soils
to yield more fine particles in the erosion process, are the
major causes of the loss of total P from agricultural land.
Streambank erosion, brought about by a variety of factors
which include natural stream meandering, poor bank protection
fr
om
dr
ai
na
ge
(s
ur
fa
ce
an
d
su
bs
ur
fa
ce
)
ou
tf
al
ls
an
d
by
ca
tt
le
trampling can also contribute total P to streams. This source
is considered to be of lesser importance to phosphorus loss
than it is for sediment losses since the eroded materials have
lower phosphorus contents than cultivated surface soils.
Livestock have also been noted as contributing phosphorus,
mainly as dissolved P, at estimated rates which average 20% of
the agricultural loads studied. Using a livestock source model,
est
ima
tes
hav
e
bee
nma
de
of
the
inp
ut
of
pho
sph
oru
s t
o s
tre
ams
fro
m
eaC
h a
nim
al
uni
t
(th
at
num
ber
of
liv
est
ock
whi
ch
exc
ret
es
68
'7
7
kg
/n
it
ro
ge
n/
ye
ar
as
de
fi
ne
d
by
th
e
On
ta
ri
o
Ag
ri
cu
lt
ur
al
Code of Practice). In the agricultural watersheds the average
est
ima
te
0f
inp
ut
ran
ged
fro
m 0
.09
to
0.2
4
kg
P/a
nim
al
uni
t/y
r.
The dissolved phosphorus is also influenced by the type
and phosphorus content of the sediments present, since there
is a dynamic equilibrium between the concentration of dissolved
P in water and that associated with solid particles. Other
major factors which appear to influence dissolved phosphorus
concentrations in the agricultural watersheds in addition to
the livestock noted above (presumably by way of manures), are
fertilizer use, and the presence of faulty septictanks. Thus
Clay soil regions with high densities of livestock and rural
human population, and where high phosphorus fertilizer
application rates are used tendto have higher soluble
phosphorus levels in stream water. In addition to these,
organic soil areas which have been monitored intensively in
other studies have been shown to yield high unit area loadings
of dissolved phosphorus, especially where excessively high
(far above soil test recommendations) applications of
fertilizer
P
had
been
made.
 
 T
h
e
p
r
a
c
t
i
c
e
o
f
a
p
p
l
y
i
n
g
m
o
r
e
f
e
r
t
i
l
i
z
e
r
P
t
o
r
o
w
c
r
o
p
s
t
h
a
n
w
o
u
l
d
b
e
r
e
c
o
m
m
e
n
d
e
d
f
r
o
m
s
o
i
l
t
e
s
t
h
a
s
b
e
e
n
o
b
s
e
r
v
e
d
t
h
r
o
u
g
h
o
u
t
t
h
e
e
l
e
v
e
n
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
.
T
h
e
e
f
f
e
c
t
t
h
i
s
m
a
y
h
a
v
e
o
n
s
t
r
e
a
m
l
o
a
d
i
n
g
s
i
s
u
n
c
l
e
a
r
,
b
u
t
i
t
m
a
y
c
o
n
t
r
i
b
u
t
e
t
o
t
h
e
e
f
f
e
c
t
w
h
i
c
h
f
e
r
t
i
l
i
z
e
r
i
s
s
e
e
n
t
o
h
a
v
e
o
n
s
o
l
u
b
l
e
P
l
o
a
d
i
n
g
s
,
a
n
d
t
o
t
h
e
e
f
f
e
c
t
o
f
r
o
w
c
r
o
p
s
o
n
t
o
t
a
l
P
l
o
a
d
i
n
g
s
.
1
1
.
1
.
2
.
N
i
t
r
o
g
e
n
N
i
t
r
o
g
e
n
i
s
f
o
u
n
d
a
t
s
o
m
e
l
e
v
e
l
i
n
a
l
l
w
a
t
e
r
s
d
r
a
i
n
i
n
g
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
,
(
e
x
c
e
e
d
i
n
g
t
h
e
1
0
m
g
/
L
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
i
n
s
o
m
e
i
n
s
t
a
n
c
e
s
)
a
n
d
w
i
l
l
c
o
n
t
r
i
b
u
t
e
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
s
.
S
t
r
e
a
m
r
u
n
o
f
f
N
i
s
t
r
a
n
s
p
o
r
t
e
d
a
s
s
o
l
u
b
l
e
N
O
3
-
N
+
N
O
z
-
N
o
r
a
s
t
o
t
a
l
K
j
e
l
d
a
h
l
N
(
m
o
s
t
l
y
a
s
s
o
c
i
a
t
e
d
w
i
t
h
s
u
s
p
e
n
d
e
d
m
a
t
e
r
i
a
l
)
.
H
i
g
h
e
r
g
r
o
u
n
d
w
a
t
e
r
N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
c
c
u
r
i
n
l
o
c
a
l
i
z
e
d
a
r
e
a
s
b
u
t
t
h
e
s
i
g
n
i
f
i
c
a
n
c
e
o
f
t
h
i
s
i
n
t
e
r
m
s
o
f
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
s
h
a
s
n
o
t
b
e
e
n
d
e
t
e
r
m
i
n
e
d
.
R
e
s
u
l
t
s
f
r
o
m
t
h
e
l
l
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
i
n
d
i
c
a
t
e
t
h
a
t
s
t
r
e
a
m
N
O
3
-
N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
h
i
g
h
e
r
i
n
w
a
t
e
r
s
h
e
d
s
w
i
t
h
h
i
g
h
f
e
r
t
i
l
i
z
e
r
N
i
n
p
u
t
s
,
g
r
e
a
t
e
r
c
o
r
n
a
c
r
e
a
g
e
,
a
n
d
m
o
r
e
e
x
t
e
n
s
i
v
e
t
i
l
e
d
r
a
i
n
a
g
e
.
F
r
e
q
u
e
n
t
l
y
,
t
h
e
s
o
i
l
s
o
f
t
h
e
s
e
w
a
t
e
r
s
h
e
d
s
a
l
s
o
h
a
v
e
h
i
g
h
o
r
g
a
n
i
c
N
c
o
n
t
e
n
t
s
,
s
o
m
u
c
h
o
f
t
h
e
s
t
r
e
a
m
N
m
a
y
b
e
m
i
n
e
r
a
l
i
z
e
d
o
r
g
a
n
i
c
-
N
i
n
e
x
c
e
s
s
o
f
c
r
o
p
n
e
e
d
s
r
a
t
h
e
r
t
h
a
n
f
e
r
t
i
l
i
z
e
r
N
.
F
r
o
m
4
0
t
o
9
0
%
o
f
t
h
e
f
e
r
t
i
l
i
z
e
r
N
a
p
p
l
i
e
d
i
n
t
h
e
r
e
p
r
e
s
e
n
t
a
t
i
v
e
w
a
t
e
r
s
h
e
d
s
w
a
s
a
p
p
l
i
e
d
t
o
c
o
r
n
.
O
t
h
e
r
c
r
o
p
s
r
e
c
e
i
v
i
n
g
h
i
g
h
u
n
i
t
a
r
e
a
N
i
n
p
u
t
s
w
e
r
e
b
u
r
l
e
y
t
o
b
a
c
c
o
a
n
d
p
o
t
a
t
o
e
s
,
b
u
t
t
h
e
o
c
c
u
r
r
e
n
c
e
o
f
t
h
e
s
e
c
r
o
p
s
w
a
s
r
e
s
t
r
i
c
t
e
d
i
n
a
r
e
a
a
s
t
h
e
y
a
r
e
t
h
r
o
u
g
h
o
u
t
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
.
T
h
i
s
i
m
p
l
i
e
s
t
h
a
t
e
f
f
i
c
i
e
n
t
N
u
s
e
i
n
c
o
r
n
p
r
o
d
u
c
t
i
o
n
w
o
u
l
d
h
a
v
e
t
h
e
g
r
e
a
t
e
s
t
a
f
f
e
c
t
o
n
r
e
d
u
c
i
n
g
N
l
o
s
s
e
s
f
r
o
m
c
r
o
p
p
i
n
g
activities.
N03
+
N
O
z-
N
and
total
N
inputs
to
streams
from
livestock
as
estimated
from
a
statistical
model,
are
high
in
watersheds
with
a
high
livestock
density,
and
in
some
cases
appear
to
e
x
c
e
e
d
t
h
o
s
e
f
r
o
m
c
r
o
p
l
a
n
d
.
Total
Kjeldahl-N
comprised
from
10
-
55%
(with
an
average
of
29%)
of
the
total
N
lost
in
stream
drainage
and
was
there-
fore
an
important
fraction
of
the
N
lost
from
some
watersheds.
Watersheds
with
less
permeable
soils
and
high
sediment
output
tended
to
have
higher
TKN
concentrations.
Because
of
this
association
of
TKN
with
sediment
and
thus
with
soil
organic
-N
reserves,
management
of
nitrogen
use
may
have
less
impact
on
TKN
than
on
nitrate
losses.
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N
co
nc
en
tr
at
io
n
ge
ne
ra
ll
y
in
cr
ea
se
d
wi
th
in
cr
ea
se
d
di
sc
ha
rg
e
an
d
mo
st
of
th
e
an
nu
al
N
ru
no
ff
lo
ad
s
oc
cu
rr
ed
du
ri
ng
No
ve
mb
er
to
Ma
rc
h,
at
wh
ic
h
ti
me
la
rg
e
qu
an
ti
ti
es
of
ru
no
ff
co
in
ci
de
d
wi
th
do
rm
an
t
pl
an
t
gr
ow
th
.
Su
cc
es
s
in
de
cr
ea
si
ng
wi
nt
er
an
d
ea
rl
y
sp
ri
ng
ru
no
ff
N
co
nc
en
tr
at
io
ns
wo
ul
d
re
su
lt
in
th
e
mo
st
dr
am
at
ic
an
nu
al
N
lo
ss
re
du
ct
io
n.
Th
is
ma
y
be
ac
hi
ev
ed
by
mo
re
cl
os
el
y
ma
tc
hi
ng
fe
rt
il
iz
er
N
in
pu
t
an
d
cr
op
N
up
ta
ke
du
ri
ng
th
e
pr
ev
io
us
gr
ow
in
g
se
as
on
.
Th
is
wi
ll
re
qu
ir
e
th
e
de
ve
lo
pm
en
t
of
an
ad
eq
ua
te
so
il
N
te
st
.
In
on
e
st
ud
y
co
nd
uc
te
d
in
an
in
te
ns
iv
e
ag
ri
cu
lt
ur
al
wa
te
rs
he
d,
gr
ou
nd
wa
te
r
N
in
pu
ts
to
st
re
am
s
we
re
es
ti
ma
te
d
to
ex
ce
ed
th
os
e
in
st
or
m
ru
no
ff
.
In
th
is
sa
me
wa
te
rs
he
d,
hi
gh
er
ni
tr
at
e
co
nc
en
tr
at
io
ns
we
re
fo
un
d
in
th
e
sh
al
lo
w
gr
ou
nd
wa
te
r
un
de
r
cu
lt
iv
at
ed
fi
el
ds
th
an
un
de
r
ad
ja
ce
nt
un
im
pr
ov
ed
la
nd
wh
er
e
ni
tr
at
e
wa
s
se
ld
om
de
te
ct
ab
le
.
Ho
we
ve
r,
no
di
re
ct
co
rr
el
at
io
n
be
tw
ee
n
th
es
e
co
nc
en
tr
at
io
ns
an
d
fertilizer applications could be found.
Nit
rog
en
is
con
tai
ned
in
pre
cip
ita
tio
n f
all
ing
on
all
wat
ers
hed
s,
and
amo
unt
s
to
bet
wee
n
10
and
20
kg/
ha/
yr.
Thi
s
nit
rog
en
inp
ut
is
dis
tri
but
ed
mor
e
or
les
s u
nif
orm
ly
in
the
basin, and is essentially uncontrollable. It has thus not
bee
n c
ons
ide
red
as
a v
ari
abl
e i
n e
xpl
ain
ing
nit
rog
en
lev
els
in streams draining to the Great Lakes.
11.1.3. Sediment
On the basis of monitoring and modelling data on
representative agricultural watersheds in Ontario, it is safe
to conclude that rural land use is contributing to the suspended
sediment load of the Great Lakes. However, the rural sediment
loading rates are found to be below average North American
values.
The potential rural sources of suspended sediments have
been considered as cropland, grassland, woodland, and stream—
banks. In rural OntariO, 70 to 100% of the sediment load has
been attributed to rainfall and runoff (sheet and rill) induced
erosion on cropland, grassland, and woodland, while 0 to 30%
of the sediment load has been attributed to streambank erosion.
Suspended sediments are not transported from rural land
uniformly throughout the year. Figure 10.2.b. illustrates the
monthly distribution of sediment loads from rural lands in
Southern Ontario for 1976 data. About 75% of the annual
suspended sediment load is transported in February, March
and April.
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T
h
e
s
e
m
o
n
t
h
s
are
c
h
a
r
a
c
t
e
r
i
ze
d
by
soils
wi
t
h
s
a
t
ur
a
t
e
d
s
ur
f
a
c
e
l
a
y
e
r
s
,
l
o
w
r
a
i
n
f
a
l
l
e
n
e
r
g
y
a
n
d
s
n
o
w
m
e
l
t
e
v
e
n
t
s
.
H
i
g
h
e
n
e
r
g
y
rainfall
events
that
occur
in
the
summer
m
o
n
t
h
s
can
cause
high
on-site
sheet
erosion
losses
but
because
the
soils
are
g
e
n
e
r
a
l
l
y
n
o
t
s
a
t
u
r
a
t
e
d
at
t
h
i
s
t
i
m
e
,
i
n
f
i
l
t
r
a
t
i
o
n
o
f
w
a
t
e
r
is
e
n
h
a
n
c
e
d
a
n
d
t
h
e
t
r
a
n
s
p
o
r
t
of
e
r
o
d
e
d
s
e
d
i
m
e
n
t
s
is
m
i
n
i
m
i
z
e
d
.
S
t
r
e
a
m
b
a
n
k
e
r
o
s
i
o
n
has
a
l
s
o
b
e
e
n
o
b
s
e
r
v
e
d
to
be
m
a
x
i
m
u
m
in
t
h
e
F
e
b
r
u
a
r
y
-
M
a
r
c
h
-
A
p
r
i
l
t
i
m
e
p
e
r
i
o
d
.
A
n
y
r
ur
a
l
l
a
n
d
p
r
a
c
t
i
c
e
t
h
a
t
e
x
p
o
s
e
s
t
h
e
soil
to
t
h
e
e
r
o
s
i
v
e
f
o
r
c
e
s
o
f
r
a
i
n
f
a
l
l
a
n
d
r
u
n
—
o
f
f
c
a
n
r
e
p
r
e
s
e
n
t
a
n
erosion
hazard.
In
general,
the
greater
the
canopy
and
ground
cover
protection,
the
lower
the
erosion
potential.
Rural
land
u
s
e
s
w
i
t
h
p
r
o
g
r
e
s
s
i
v
e
l
y
g
r
e
a
t
e
r
e
r
o
s
i
o
n
p
o
t
e
n
t
i
a
l
a
r
e
:
p
e
r
m
a
n
e
n
t
p
a
s
t
u
r
e
,
p
a
s
t
u
r
e
,
Small
g
r
a
i
n
s
,
c
o
r
n
in
r
o
t
a
t
i
o
n
,
continuous
corn,
white
beans,
some
h
o
r
t
i
c
ul
t
ur
a
l
crops
and
p
l
o
we
d
land.
A
survey
of
Streambanks
in
rural
wa
t
e
r
s
h
e
d
s
indicated
that
37%
of
the
banks
showed
evidence
of
erosion
and
o
n
e
-
t
h
i
r
d
of
t
h
e
s
e
e
r
o
d
e
d
b
a
n
k
s
w
e
r
e
t
o
t
a
l
l
y
d
e
v
o
i
d
o
f
vegetation.
Since
sediment
production
from
grasslands
and
woodlands
is
minimal,
the
primary
sources
of
sediments
are
croplands
and
streambanks.
AVerage
predicted
sheet
erosion
losses
for
crop-
land
in
Southern
Ontario
is
4.6
tonnes/ha/yr
while
the
average
annual
streambank
erosion
rate
is
0.038
tonnes/ha/yr.
While
soil
erosion
occurs
on
all
cropland
at
varying
rates,
eroded
soil
does
not
become
a
water
quality
concern
until
it
is
transported
from
the
field
to
the
stream.
Runoff
investigations
in
Ontario
have
revealed
that
as
little
as
20%
of
a
rural
area
generally
contributes
runoff
and
sediment
to
surface
waters.
Therefore,
it
is
apparent
that
all
cropland
does
not
create
water
quality problems.
The potential
for
stream
sediment
pollution
from rural
land is maximum
when
crops
with minimum
canopy or ground cover protection are grown in the approximately
20% of the rural
land that frequently contributes run—off to
streams.
‘
Unit area sediment loads were calculated for agricultural
lands on the basis of 1976 monitoring data and long-term
predicted data. Comparison of these loadings (Fig. 10.4.a)
led to the conclusion that the 1976 data may be overpredicting
sediment loads by a factor of about 1.6.
Sediment yields for rural watersheds in Southern Ontario
ranged from 100 to 900 kg/ha/yr (when computed by the Hydro-
graph Integration Method). The causes of the variation
observed can be related to soil and land use factors as well
as watershed transport capacity. For example, some areas with
highly erodible soils and erosion sensitive land uses (corn)
did not always reflect high sediment loading rates. Watershed .
transport factors such as stream channel buffering with grass
or trees or stream channel density had a large effect on
determining unit area sediment loadings. For these examples
the effect was to decrease and increase the loads respectively.
In many cases these factors were more significant than soil
erodibility and cropping factors.
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11.1.4. Heavy Metals
No
ag
ri
cu
lt
ur
al
ac
ti
vi
ti
es
ha
ve
be
en
id
en
ti
fi
ed
wh
ic
h
co
nt
ro
l
he
av
y
me
ta
l
in
pu
ts
to
st
re
am
s.
Me
ta
ls
en
te
r
wa
te
r
in
tw
o
fo
rm
s
-
as
so
ci
at
ed
wi
th
pa
rt
ic
ul
at
es
,
ei
th
er
so
il
st
re
am
-
ba
nk
or
st
re
am
be
d
or
as
th
e
so
lu
bl
e
fo
rm
in
le
ac
ha
te
s
or
groundwater.
On
a
un
it
ar
ea
ba
si
s,
the
lo
ss
es
of
me
ta
ls
fr
om
ea
ch
ha
of
ag
ri
cu
lt
ur
al
la
nd
ar
e
far
lo
we
r
th
an
th
os
e
be
in
g
ad
de
d
to
th
e
sa
me
la
nd
fr
om
at
mo
sp
he
ri
c
so
ur
ce
s
al
on
e.
Fi
ve
to
16
tim
es
mor
e
Pb
was
add
ed
fro
m t
he
atm
osp
her
e
tha
n
was
los
t
to
the
str
eam
, 4
to
8 t
ime
s m
ore
Zn,
and
1 t
o 8
tim
es
mor
e C
u.
The
met
al
atm
osp
her
ic
inp
uts
to
agr
icu
ltu
ral
lan
d w
ere
gen
era
lly
low
er
tha
n t
he
bes
t e
sti
mat
es
of
uni
t a
rea
loa
din
gs
fro
m t
he
lan
d t
o t
he
Gre
at
Lak
es
and
it
may
be
tha
t d
ire
ct
atm
osp
her
ic
inp
ut
of
the
se
met
als
to
the
lak
e i
s a
mor
e
important source than agricultural land.
Anomalously high metal concentrations in streamwater of
one
agr
icu
ltu
ral
wat
ers
hed
wer
e t
rac
ed
to
a g
rou
ndw
ate
r s
our
ce.
The
gro
und
wat
er
had
lea
che
d m
eta
ls
fro
m t
he
und
erl
yin
g b
edr
ock
of the Niagara Escarpment and, upon entering the stream,
increased the metal load.
11.1.5. Toxic Organics and Pesticides
Twenty-six pesticide isomers, metabolites or parent
com
pou
nds
wer
e i
den
tif
ied
in
str
eam
wat
er.
How
eve
r o
nly
the
following nine were found in 10% or more of water samples:
Frequently identified p,p-DDE (93%), atrazine and
desethyl atrazine (80.2%)
PCB (94.4%)
Infrequently identified p,p-TDE (23%), p,p’-DDT (10.5%)
(10-40%) dieldrin (20.6%), trans endosulfan
(17.6%), endosulfan sulfate (17.2%)
The remaining 18 components were found only rarely or
occasionally and invariably were the result of spills and
carelessness around streams.
ZDDT (o,p-DDT, p,p’-DDT, p,p’—TDE and p,p’-DDE). DDT
was used as an insecticide for a multiplicity of uses up to
the time it was restricted in 1970. Hence components of DDT
have been found in all watersheds. Between 1970 and 1972,
uses of DDT were continued in vegetables and tobacco produc—
tion areas, hence the unit area loadings for AG-2, AG-3 and
AG—l3 are higher than other watersheds in the two-year period
of this study. ZDDT was present in 93% of water samples of
which 41% were above the 3 ng/L IJC criterion.
 
  
Atrazine
and
Desethyl
Atrazine.
Atrazine
is
exclusively
used
to
control
weeds
in
corn.
Between
9.5
and
31.3%
of
the
(mean
17.6%)
agricultural
watersheds
which
were
studied
were
devoted
to
corn
and
53.3
to
93.6%
(mean
63.1%)
of
the
corn
was
treated
with
atrazine.
The
average
application
was
1.7
kg/ha.
Atrazine
and
desethyl
atrazine
were
found
in
80.2%
of
the
water
samples
at
a
ratio
of
about
2.5:1.
However
only
0.3%
were
above
the
28
ug/L
IJC
criterion.
Losses
to
streams
were
the
result
of
runoff
(64%),
spills
(18%)
and
tile
drainage (18%).
Egg.
No
known
uses
of
PCB
occurred
in
the
watersheds
although
there
must
be
some
PCB
containing
transformers
located
in
all
watersheds.
PCB
was
measured
in
precipitation
at
all
six
watersheds
checked
and
the
concentrations
ranged
from
<2
to
100
ng/L.
PCB
were
present
in
94.4%
of
the
water
sampled
at
levels
above
2
ng/L.
If
a
2
ng/L
criterion
is
accepted
by
IJC
then
94.4%
of
waters
were
above
this
level.
Precipitation
appears
to
be
the
most
likely
source
in
these
agricultural
areas,
although
oil
containing
PCB
may
have
been
used
to
control
dust
on
roads
in
these
areas
in
the
past,
which
could
be another source.
Dieldrin.
All
the
dieldrin
found
in
the watersheds
came
from past uses of aldrin that were discontinued in 1969.
Aldrin was used as an insecticide to control soil insects and
hence was used in watersheds growing cash crops and vegetables.
Over the two-year period 20.6% of water samples from the
agricultural watersheds contained dieldrin and 16% were above
the 1 ng/L IJC criterion.
Total Endosulfan. This insecticide is used for foliar
insects in tobacco and vegetables. This includes domestic
uses in the home garden. Its appearance in 17% of the water
samples may have resulted from both agricultural and domestic
use. In some watersheds it was found in water where no crops
were grown that could account for its use. There were 14.1%
of water samples above the 3 ng/L IJC criterion. The major
losses occurred as a result of runoff in the January-April
period.
Overview. The DDT and dieldrin residues in water are
derived from past uses of DDT and aldrin and little can be
done to change the slow release to water. PCB appears in
water as a result of aerial fallout with no known agricultural
input. Endosulfan has recently been dropped from recommendation
in tobacco to reduce its residues in the end product.
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p
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ro
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c
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b
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.
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e
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d
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e
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t
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ra
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d
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n
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e
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n
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.1
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Th
es
e
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d
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respectively.
11.1.6. Bacteria
Of
th
e
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
ex
am
in
ed
,
wa
te
rs
he
ds
l,
3,
5,
10
an
d
13
re
pr
es
en
t
pr
ob
le
m
ar
ea
s
as
su
rf
ac
e
wa
te
rs
in
th
at
th
es
e
wa
te
rs
he
ds
co
nt
ai
ne
d
si
gn
if
ic
an
t
qu
an
ti
ti
es
of
TC
,
FC
an
d
FS
.
At
th
es
e
si
te
s,
th
e
de
ns
it
ie
s
of
in
di
ca
to
r
ba
ct
er
ia
we
re
co
ns
is
te
nt
ly
hi
gh
th
ro
ug
ho
ut
th
e
st
ud
y
pe
ri
od
.
Al
th
ou
gh
li
ve
st
oc
k
op
er
at
io
ns
ap
pe
ar
ed
to
be
th
e
ma
jo
r
sou
rce
of
bac
ter
ial
pol
lut
ion
to
wat
ers
hed
s 3
, 5
and
109
Whe
re
th
e
an
im
al
de
ns
it
ie
s
we
re
0.
48
,
0.
61
an
d
0.
77
an
im
al
un
it
s
pe
r
he
ct
ar
e
re
sp
ec
ti
ve
ly
,
th
er
e
we
re
no
co
ns
is
te
nt
da
ta
ob
ta
in
ed
in
an
y
of
th
e
de
ta
il
ed
wa
te
rs
he
d
st
ud
ie
s
wh
ic
h
re
la
te
d
in
di
ca
to
r
ba
ct
er
ia
to
th
e
pr
es
en
ce
or
ab
se
nc
e
of
li
ve
st
oc
k.
Th
e
ba
ct
er
ia
l
wa
te
r
qu
al
it
y
wa
s
ex
tr
em
el
y
po
or
in
wa
te
rs
he
ds
l
an
d
13
,
al
th
ou
gh
th
e
li
ve
st
oc
k
wa
s
ve
ry
lo
w
(<
0.
09
an
im
al
un
it
s/
ha
).
Th
is
su
gg
es
ts
th
at
so
ur
ce
s
ot
he
r
th
an
li
ve
st
oc
k
co
nt
ri
bu
te
su
bs
ta
nt
ia
l
nu
mb
er
s
of
ba
ct
er
ia
to
su
rf
ac
e
wa
te
rs
.
Se
pt
ic
ta
nk
s,
ti
le
dr
ai
ns
,
soi
l
co
nt
am
in
at
ed
wi
th
an
im
al
wa
st
e
an
d
an
im
al
an
d
bi
rd
po
pu
la
ti
on
s
ma
y
al
so
co
nt
ri
bu
te
to
fe
ca
l
po
ll
ut
io
n
of
ru
ra
l
ru
no
ff
.
Th
e
le
ve
ls
of
ba
ct
er
ia
l
po
pu
la
ti
on
s
at
th
e
si
te
s
wi
th
gre
ate
st
con
tam
ina
tio
n w
ere
hig
h t
hro
ugh
out
the
stu
dy
per
iod
and
fre
que
ntl
y w
ere
gre
ate
r t
han
the
MOE
Sta
nda
rds
for
Recreational Water Quality. In fact, the levels of T0, FC and
FS
ma
ny
ti
me
s
ap
pr
oa
ch
ed
co
nc
en
tr
at
io
ns
fo
un
d
in
di
lu
te
sa
ni
ta
ry
wa
st
ew
at
er
an
d
co
ul
d
be
co
ns
id
er
ed
th
er
ef
or
e,
to
co
ns
ti
tu
te
a
he
al
th
ha
za
rd
.
Th
e
im
pl
ie
d
pu
bl
ic
he
al
th
ri
sk
is
su
bs
ta
nt
ia
te
d
by
the
de
te
ct
io
n
of
pa
th
og
en
ic
ba
ct
er
ia
in
su
rf
ac
e
wa
te
rs
at
selected sites examined intensively. It must be emphasized
that bacterial contamination is hazardous only in areas where
the
sur
fac
e w
ate
rs
are
use
d f
or
rec
rea
tio
nal
pur
pos
es
and
drinking water supplies. No evidence exists of upstream
bacterial pollution being a threat to water quality in the
Gre
at
Lak
es
but
nev
ert
hel
ess
, h
igh
lev
els
of
con
tam
ina
tio
n o
f
wat
ers
whi
ch
may
be
use
d f
or
ups
tre
am
rec
rea
tio
nal
or
wat
er
supply purposes should not be overlooked.
Extent of Unit Area Loadings
See Section 10.2.4.
  
   
Figure 11.1.a:
   
ER‘E
Atrazine and Endosulfan Loads as M
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Relative Significance of Sources and Practices
The
rea
der
is
ref
err
ed
to
Sec
tio
ns
10.
4 a
nd
11.
1 i
n
whi
ch
the
rel
ati
ve
sig
nif
ica
nce
of
the
dif
fer
ent
asp
ect
s o
f
agr
icu
ltu
ral
lan
d a
re
dis
cus
sed
.
The
con
tri
but
ion
s o
f
po
ll
ut
an
ts
fr
om
so
ur
ce
s
ot
he
r
th
an
ag
ri
cu
lt
ur
e
ca
n
be
fo
un
d
in
the
Gra
nd
and
Sau
gee
n
Riv
er
Bas
in
Pil
ot
Wat
ers
hed
Stu
dy
Reports (OMDE, Task C, PLUARG, 1978).
Fro
m d
ata
ana
las
is
in
the
Agr
icu
ltu
ral
Wat
ers
hed
Stu
die
s,
it
has
bee
n
pos
sib
le
to
est
ima
te
loa
din
gs
to
str
eam
wat
er
fro
m a
gri
cul
tur
al
lan
d
in
the
var
iou
s
sec
tor
s
of
the
Gra
nd
and
Sau
gee
n r
ive
r b
asi
ns.
The
pro
ced
ure
con
sis
ted
of
the
app
lic
ati
on
of
pre
dic
tio
n
equ
ati
ons
,
bas
ed
on
reg
res
sio
n
ana
lys
is
of
wat
er
qua
lit
y a
nd
land
use
var
iab
les
, t
o t
he
sec
tor
s o
f t
he
Gra
nd
and
Sau
gee
n R
ive
rs
and
com
par
ing
res
ult
s w
ith
mon
ito
red
and
oth
er
est
ima
ted
loa
din
gs.
The
pre
dic
ted
loa
ds
wer
e
com
bin
ed
wit
h
the
est
ima
tes
of
loa
ds
fro
m
oth
er
sou
rce
s
to
arr
ive
at
an
est
ima
ted
tot
al
loa
din
g
for
the
basin.
Th
e
an
al
ys
is
in
di
ca
te
d
th
at
for
to
ta
l
ph
os
ph
or
us
,
ab
ou
t
60%
of
the
tot
al
est
ima
ted
loa
d i
n t
he
Gra
nd
Riv
er
and
abo
ut
70%
of
tha
t i
n t
he
Sau
gee
n R
ive
r c
oul
d b
e a
ttr
ibu
ted
to
agr
i-
cul
tur
al
lan
d a
nd
ass
oci
ate
d a
cti
vit
ies
.
For
sed
ime
nt,
in
the
Gra
nd
Riv
er
bas
in
agr
icu
ltu
ral
lan
d a
ppe
are
d t
o c
ont
rib
ute
about 70% to 80% of the load, while in the Saugeen basin it
contributed about 60% to 70% of the load. The reason for
the
val
ues
bei
ng
giv
en
as
ran
ges
is
unc
ert
ain
ly
as
to
the
bes
t
extrapolation estimate of sediment loadings. They have been
calculated by two different methods - an extrapolation of the
areas represented by the PLUARG agricultural watersheds, as
well as the application of a prediction equation similar to that
use
d f
or
pho
sph
oru
s.
The
agr
icu
ltu
ral
con
tri
but
ion
of
sed
ime
nt
has therefore been given as the range encompassing the results
of applying these two methods.
Rural inputs of nitrogen, as predicted by extrapolation
of
a m
ode
l d
eve
lop
ed
on
the
agr
icu
ltu
ral
wat
ers
hed
s,
wer
e a
bou
t
80% and 90% of the estimated total nitrogen inputs into the
Grand and Saugeen basins respectively. The extrapolation of
data from small watersheds, however, depends upon whether nitrogen
delivery ratios remain constant. In-river processes such as
denitrification and sediment (TKN) deposition appear to vary
from basin to basin. Results indicated that the nitrogen
extrapolation worked well in the Saugeen basin but less well
in the Grand. While the comparisons discussed above are useful,
it must be remembered that the proportions of the monitored
loads attributed to different land uses are only valid for the
Grand and Saugeen basins, and are only representative of the entire
Great Lakes Basin to the extent that these two river basins are
representative of this larger area.
No agricultural influence on heavy metal levels has been
found in the agricultural watershed studies. For copper and
zinc, the only heavy metals with reliable loading values, a
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57
simple
extrapolation
procedure
was
employed
in
the
Grand
and
Saugeen
basins
that
was
based
on
the
ratios
of
these
metals
with
suspended
solids.
Copper
and
zinc
loads
estimated
in
this
way
for
the
sectors
of
the
Grand
and
Saugeen
river
basins
compared
favorably
with
measured
loads.
It
can
therefore
be
assumed
that
the
proportion
of
the
loads
of
these
metals
contributed
by
agriculture
will
be
similar
to
those
of
sediment.
For
metals
such
as
lead,
where
urban
land
is
expected
to
generate
elevated
levels,
the
agricultural
portion
of
the
basin
loads
can
be
assumed
to
be
less
than
that
of
sediment.
Pesticide
concentrstions
and
loadings
from agricultural
land
and
at
the mouths
of
the Grand
and
Saugeen
rivers
have
been
compared.
The
presence of
most
pesticides
at
the mouths
of
these rivers could be accounted for by losses from agricultural
useage.
The percentages of those pesticides which might have
been delivered from other land uses could not be estimated due
to the complex physical
and chemical processes involved in
pesticide transport in rivers of this size. One pesticide,
however, did not appear to be fully accounted for by agricultural
sources.
Chlordane
(including
its
ingredient
Heptachlor)
was
present at the mouths of these rivers in larger quantities than
could be expected fromagricultural sources alone. Since this
material is widely used on lawns and golf courses, it is probable
that these areas were contributing significantly to the presence
of chlordane and heptachlor epoxide at the mouths of these rivers.
The industrial organic toxicant PCB, while present in
runoff from all land use areas studied, appeared to be contrib-
uted disproportionately by urban land areas compared to agric—
ultural land. The probable atmospheric input, being the major
source of this material, would be likely to be delivered to
streams from paved urban areas more readily than from pervious
rural land. It can be further noted that spent oils containing
PCB have been used in the past for dust control on some unpaved
roads.
Whi
le
it
is
lik
ely
tha
t b
act
eri
a i
n w
ate
r a
re
con
tri
but
ed
by
agr
icu
ltu
ral
liv
est
ock
,
no
dir
ect
rel
ati
ons
hip
bet
wee
n
the
se
variables has been found. No further information on the
rel
ati
ve
imp
ort
anc
e o
f a
gri
cul
tur
al
lan
d c
omp
are
d w
ith
oth
er
lan
d
use
s a
s a
sou
rce
of
bac
ter
ia
in
wat
er
is
ava
ila
ble
fro
m t
hes
e
studies.
Degree of Transmission of Pollutants from Source Areas to
Boundary Waters
The results of the Agricultural Watershed Studies cannot be
used on their own to estimate transmission to boundary waters.
This task lies with the Grand and Saugeen River Pilot Watershed
Studies.
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The
unit—area
loads
of
total
phosphorus
from
farm
land
for
each
sub—basin
in
the
agricultural
portion
of
the
Canadian
Great
Lakes
Basin
have
been
grouped
into
six
classes
(Figure
ll.5.a).
The
values
are
the
unit
area
loads
from
only
the
farm
land
in
each
sub—basin
and
do
not
reflect
the
unit-area
loads
from
the
sub—basin
as
a
whole
unless
a
large
percentage
of
the
sub-basin
area
is
in
farm
land,
and
there
are
no
other
major
sources
such
as
urban
centres.
The
proportion
of
the
rural
area
of
each
sub—basin
in
the
extrapolation
of
figure
ll.5.a.
which
is
in
farm
land
is
presented
in
Figure
ll.5.b.
Use
of
the
regressions
to
estimate
the
loadings
from
watersheds
larger
than
the
11
agricultural
watersheds
requires
the
assumption
of
an
in-stream
delivery
ratio
of
1.0
for
total
phosphorus.‘
0n
the
basis
of
this
assumption,
the
loading
of
total
P
from
agricultural
land
in
the
Canadian
Great
Lakes
Basin
has
been
estimated
to
be
3000
tonnes*
annually.
Applying
the proportions
developed
in
the
agricult—
ural
watersheds
to
the whole
basin,
about
2100
tonnes
would
be related to runoff from cropland,
600 tonnes to livestock
operations, and 150 tonnes to each of streambank erosion and
unimproved farmland.
The latter figure is probably low due to
the larger amount of unimproved land in the basin as a whole
compared with the eleven study watersheds.
The distribution
of the total load of 3000 tonnes was approximately as 26% in
the Lake Huron Basin (including Georgian Bay), 53% in the
Lake Erie Basin (including Lake St. Clair) and 21% in the
Lake Ontario Basin.
Estimates of the livestock contribution of total phosphorus
to the Canadian Great Lakes Basin have also been made by a
different procedure which utilizes a model developed in the
livestock integration study. Using a range of representative
input values for livestock units, developed from the application
of different assumptions in the model, a range of probable
livestock loads to the lakes was found. With inputs estimated
to be between 0.08 and 0.22 kg/animal unit/yr, the total load
was estimated to be between 170 and 466 tonnes per year. (An
animal unit was as defined by the Ontario Agricultural Code
of Practice.)
11.5.2. Sediment
The extrapolation methods used in the Grand and Saugeen
river basins have also been used to extrapolate sediment loadings
to the whole agricultural portion of the Canadian Great Lakes
Basin. The extrapolation method based on the agricultural areas
represented by the study watersheds yielded an average value of
215 kg/ha/yr, while the regression method based on two years of
data generated an average value of 209 kg/ha/yr. Since these
results were so similar, only the regression method has been
mapped, and the results are presented in Figure ll.5.c. The
data bases for this extrapolation were the same as those used
for the phosphorus extrapolation. The regression equation
* A
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As with
total
phosphorus,
the mapped
values
represent
the
anticipated
loads
from
farm
land,
and
not
from
all
of
the watershed
sub-basin
areas.
To
estimate
the net effect
of
agricultural
sediment loadings, reference must be made
to the
distribution of farm land as a percentage of
the total rural
area, as presented in Figure ll.5.b.
Based on the extrapolation procedures used for Figure
ll.5.c., it is possible to estimate the total annual
agricultural sediment load to the Canadian Great Lakes
Basin. This total load was estimated to be 1,084,200 tonnes,
of which 22% was derived from farm land in the Lake Huron basin
(including Georgian Bay), 64% in the Lake Erie basin (including
Lake St. Clair), and 14% in the Lake Ontario basin.
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en
ts
.
PL
UA
RG
st
ud
ie
s
ha
ve
re
ve
al
ed
th
at
th
e
sp
at
ia
l
se
di
me
nt
lo
ad
in
g
pa
tt
er
n
as
so
ci
at
ed
wi
th
ag
ri
cu
lt
ur
al
so
ur
ce
s
in
di
ca
te
wi
de
di
ff
er
en
ce
s
in
loading rates -
(a)
ac
ro
ss
th
e
Ca
na
di
an
Gr
ea
t
La
ke
s
Ba
si
n,
(b) within agricultural basins,
(c) within individual fields and farms.
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The
areas
of
the
Canadian
agricultural
basin
contributing the highest unit
area loads and comprising
less than 10 percent of the agricultural area, contribute
about 30 percent of the total agricultural sediment load
to
the
Great
Lakes.
These
areas
are
generally
charac-
terized
by row cropland
on
erodible
soils with well-
developed surface drainage systems.
A further twenty-
five percent of the agricultural area contributes loads of
intermediate magnitude (for the basin) and accounts for
about another 45 percent of the agricultural sediment load
to the lakes. These areas include either regions which
are moderately to highly erodible with poor transport
mechanisms or regions which exhibit lowerosion rates but
which have efficient mechanisms for the transport of
material to the streams and lakes. Although these areas
are presently grouped in a moderate category for
contributing sediment, many of them could contribute much
higher loadings if relatively minor changes occurred.
For example, an area that is highly erodible but in which
buffer strips of vegetation exist along most waterways,
ditches, and stream courses probably exhibits a moderate
sediment loading. If a number of the buffer strips were
removed and cropping was carried out to the ditch and
stream edge, the unit area sediment loading would increase
rapidly into the high range of values.
The portions of agricultural watersheds contributing
the majority of the sediment load comprise a relatively
small percentage (10% to 20% depending on storm conditions)
of the watershed area. These portions are usually located
in close proximity to drainageways and natural stream
courses. Within fields and farms, row crops — and
particularly continuous row crops - contribute significantly
more sediment material than other cropping systems. The
lack of adequate buffer strips along water courses leads
to large amounts of material being transported from field
to stream and to increased ditch and bank erosion.
If agriculturally derived suspended sediments are
assumed to be contributing pollutionto the Great Lakes,
several general recommendations with reSpect to remedial
mea
sur
es
may
be
mad
e o
n t
he
bas
is
of
PLU
ARG
data
.
Ero
sio
n -
and sediment - control programs should be developed and
implemented differentially throughout the agricultural
region of the Canadian Great Lakes Basin. Prime emphasis
for
rem
edi
al
mea
sur
es
sho
uld
be
in
the
are
as
con
tri
but
ing
the highest sediment loading rates, where the greatest
ben
efi
ts
can
be
rea
liz
ed.
How
eve
r,
emp
has
is
sho
uld
als
o
be
pla
ced
in
are
as
of
int
erm
edi
ate
con
tri
but
ion
,
not
onl
y
to
red
uce
pre
sen
t
loa
din
gs
but
als
o
to
pre
ven
t
inc
rea
sed
loadings in the future. '
 
  
Erosion - and sediment - control programs should
include a watershed perspective with emphasis being given
to those portions of the agricultural landscape contributing
sediment most significantly to stream channels, i.e. those
areas adjacent to drainageways and natural stream channels.
Reducing soil erosion rates can be accomplished by
any number of well tested techniques which either reduce
the impact energy of rain drops (e.g. mulch or cover crops)
or reduce the soil erodibility (e.g. maintaining soil
structure by increasing organic matter content or by
minimum tillage). Reducing transport of eroded soil to
stream channels can be accomplished by the application of
established measures such as contour cropping, diversion
terraces, etc. Another approach is to separate cropping
and cultivation activities from streams and drainage
channels by vegetated "buffer strips" or "field borders".
These reduce the velocity of runoff water and increase
infiltration causing sediment to settle out before reaching
the
stream.
Dense
vegetation may
also
act
partially
as
a
filter.
Sediment
thus
deposited
is
unlikely
to
be
re-
mobilized
if
the
soil
remains
undisturbed.
Grassed water-
ways
may
perform
a
similar
function
in
areas
where
surface
drainage
is
controlled
and
diverted
away
fromstream banks
and into artificial channels or conduits.
These artificial
channels should also be designed and maintained for maximum
stability
by using
bank
slopes
suitable
for
good
soil
stability
and for
vegetation maintenance.
They
should
be
disturbed
by
cleaning
and
regrading
operations
as
infrequently
as
possible.
At
the
field
and
farm
level,
it
is
recommended
that
erosion—control
progransbe
focussed
on
the
development
of
modified
cropping
and
tillage
systems
(primarily
for
the
row
crops
of
corn,
beans,
and
horticul-
tural
crops).
It
is
also
recommended
that
erosion-control
programs
be
aimed
at
the
development
of
buffer
strips
along
drainageways
and
natural
stream
channels,
and
at
improved
drainageway design.
All
remedial
measures
should
be
viewed
with
a
temporal
perspective.
Emphasis
should
be
placed
on
those
measures
affecting
the
erosion
and
transport
of
material
during
the
snowmelt
and
spring
runoff
period.
Some
aspects
of'agricultural
land
management
also
directly
influence
the
stability
of
stream
banks
and
should
be
considered
as
part
of
an
overall
agricultural
remedial
plan.
Tillage
operations
close
to
stream
banks
can
increase
the
susceptibility
of
the
banks
to
slumping,
and
is
an
additional
justification
for
maintaining
vegetated
buffer
or
border
strips.
Restricting
the
access
of
livestock
to
stream
banks
during
periods
of
high
soil
moisture,
such
as
in
the
spring
months,
will
also
reduce
the
incidence
of
bank
instability
and
slumping.
Subsurface
drainage
outlets
into
streams
and
ditches
should
be
designed
and
constructed
to
give
stability
in
terms
of
their
resistance
to
disinteg-
ration
or
misalignment
and
in
terms
of
minimizing
scouring
and
undercutting
of
the
stream
or
ditch
bank
(e.g.
by
providing
erosion
resistant
protective
material
where
necessary).
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12.1.2. Phosphorus from Agricultural Land
Sediments
from agricultural
land may be enriched in
phosphorus due to applications of manure and/or commercial
fertilizer.
In the zones which are frequently hydro-
logically active and which yield eroded sediment to streams,
measures designed to minimize the enrichment of these soils
with phosphorus may have some effect on phosphorus loads,
though the phosphorus content of the soil is generally so
high compared to agriculturally added phosphorus that
reductions in total phosphorus may be very small. Greater
reductions (in percentage terms) would occur in the forms
of P which are more readily available to aquatic life.
Measures such as restricting phosphorus inputs as fertilizer
or manure to those recommended from a soil phosphorus plant-
availability test should be considered. However, it must
be recognized that these measures would not significantly
reduce the phOSphorus in runoff for several years. Once a
soil is enriched by addition of fertilizer and/or manure,
it requires several years of cropping to reduce the
concentration of plant-available P. The measures would,
however, avoid further unnecessary enrichment.
Soluble phosphorus in runoff water from frequently
hydrologically active zones may also be increased by poor
management of phosphorus fertilizer or manures. Specifically,
failure to incorporate fertilizer and manure into the soil
may lead to high concentrations of soluble phosphorus in
the runoff water. Remedialmeasures to reduce this problem
would include incorporation of manure into the soil as soon
as possible after application, and prior to a runoff-
causing event (this would also eliminate spreading on
frozen soils). Similar restrictions are suggested for
manure spreading on floodplain soils even though these may
not be frequently hydrologically active. Much of the
phosphorus fertilizer is band applied and hence incorporated
on application. Incorporation of broadcast fertilizers
should be encouraged in areas where water quality may be
affected.
Organic soils may yield large quantities of phosphorus
to drainage water as a result of drainage works which increase
soil decomposition rates, and as a result of fertilizer
applications for crop production. These fertilizer
applications have been found to be excessive in some
instances, and reducing application rates to crop needs
would be a remedial measure which would reduce loadings from
these areas. Although the reductions would occur more
rapidly than with mineral soils, excessive concentrations
in drainage water would continue for 10 years or more. The
area of cultivated organic soils is very small, being in
essentially five locations in Ontario, an area in New York
near the shouth shore of Lake Ontario and some scattered
sites in Michigan. Thus the impact on the total load to
the Great Lakes is extremely small. Localized effects may
be significant. It is suggested that the potential for
wat
er
pol
lut
ion
be
con
sid
ere
d i
n a
ny
pro
pos
als
to
dev
elo
p
additional organic soil areas.
f ‘
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Direct manure inputs from runoff or seepage from manure
storage or livestock feeding areas will add phosphorus,
primarily in a soluble form, to streams° Remedial measures
are recommended which will separate livestock facilities
from streams unless runoff and seepage is contained within
the operation. The degree of separation necessary to
protect water quality will depend on soil type, slope and
other features of each site. Guidelines should be prepared
which will result in the siting of all future operations in
non-contributing areas. Existing operations may need run-
off control measures if stream contamination is evident.
Runoff would need to be contained and later pumped or
transported to non-contributing areas for disposal or use
for crop production. The Ontario Agricultural Code of
Practise or the Canada Animal Waste Management Guide
should be consulted for recommended structural options,
especially for large beef operations which have been found
to contribute the greatest proportion (about 44%) of the
livestock phosphorus pollution potential. Livestock
defecating directly into streams is an unquantified source
of phosphorus. It could be controlled by restricting
access to streams which cross pastures, but costs and
acceptability may present many problems.
Other agricultural sources of phosphorus can be
considered for control by site specific measures. Examples
are those farm silos from which drainage liquor is allowed
to flow into a stream or into a farm drainage system leading
to a stream. Farm yard and milk-house drainage may also
contaminate drain systems. Connections from these sources
to field drainage systems may need to be traced and
eliminated, with contaminated water being diverted instead
into seepage disposal beds, or stored and pumped out to
field diSposal.
In terms of priority based on technical effectiveness
(including the extent of controllable sources) it is
suggested that the remedial measures which can be utilized
for phosphorus reduction from agricultural land should be
applied as follows (all only in frequently hydrologically
active areas): i) reduction of sediment from soil erosion;
ii) control of runoff from manure storage and livestock
feeding areas; incorporation of manure into the soil
immediately after spreading; iii) application of fertilizer
phosphorus
according
to "soil
test"
recommendations;
iV)
control of drainage from silos, barn yards which are
connected
to
subsurface
field
drains.
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12.1.3. Nitrogen from Agricultural Land
While not a parameter of major significance to lake
water quality at this time, concentrations
exceeding the
10 mg/L drinking water standard in many upstream areas in
both surface and ground water suggest that preventative
measures to reduce N losses from land to water are desirable
where practicable.
While some 25-30% of total N loss in
monitored agricultural watersheds is associated with
sediments, and will therefore be controlled by remedial
measures implemented for sediment, the most abundant form
of nitrogen is the highly soluble nitrate ion which moves
freely through soils and into drainage systems and ground
water.
Evidence suggests that much nitrogen in drainage
waters originates either as natural organic matter in soils
which is undergoing mineralization with successive years of
cultivation, or as fertilizer or manure nitrogen which is
added to promote optimum crop growth. Improved efficiency
in the use of the added sources would reduce leaching losses.
Optimum timing of applications (which may include the use of
slow N release fertilizers), matching rates of application
to crop needs and planting cover crops after harvest of the
main crop to take up excess available nitrogen will help
reduce these losses. Efficient N management considerations
are particularly important for corn, for which a large
portion of the N used within the Great Lake Basin watersheds
is applied. A suitable soil test procedure for determining
soil available nitrogenis currently needed in order to
allow reduced N fertilization on soils with high natural
organic N contents and mineralization rates.
Many of the suggested measures for control of soluble
phosphorus from manure storage and livestock operations will
help reduce concentrations of nitrogen in runoff, but they
will do little to reduce leaching to groundwater or to tile
drains. Tile drains should not be placed under unpaved
manure storages or livestock feeding areas if nitrogen is
to be kept out of streams. Best remedial measure for these
sites is probably the roofing of areas where manure is
deposited so that the manure will dry out and not be leached
of its nitrogen by rain and snow melt into groundwater or
drainage systems. '
Most of stream N losses occur during winter and spring
runoff. Consequently, an important conservation of annual
N 1055 would occur by reducing soil N03 concentration prior
to this period. Fall cover—cropping and incorporation of
organic residues of ahighC/N ratio hold promise for the
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achievement of this conservation of nitrogen. Once water
with a high nitrate content enters a stream there is poten-
tial for denitrification, by which the nitrogen is returned
to the atmosphere. PLUARG studies suggest that stream
renovation whichincludes the revegetation of stream banks
with trees and shrubs would create conditions under which
denitrification would remove some nitrogen from stream
water, particularly at times of low flow and high temperature.
12.1.4. Trace Elements (Heavy Metals)
Since trace elements are present naturally in geological
materials, trace elements are contributed to water by all
land uses.
In rural areas, the loading rates are directly
proportional
to sediment yields.
Little can be done in
these areas to reduce metal
loadings other than controlling
sediment
(already
discussed).
However,
increases
in metal
levels in soils due to man's activities should be prevented
so that the input of metals to water from rural
lands
does
not
also
increase.
Fertilizers
and manures
have
had
negligible
effects
on raising metal
levels
in
Ontario
soils.
However,
because
of
variability
in source materials,
phosphatic
fertilizers
should
be
monitored
to
ensure
that
only
those
with
low
metal
contents
(eSpecially
cadmium)
are
used.
Disposal
of
sewage
sludge
onto
agricultural
land
has
been
a
major
source
of
increases
in
trace
elements
in
the
past;
adherence
to
the
guidelines
presently
under
consideration
by
the
Ontario
Ministries
of
the
Environment
and
Agriculture
and
Food
should
reduce
the
contamination
of
agricultural
lands
by
toxic
metals.
The
most
difficult
source
to
control
will
be
the
atmospheric
input
of
metals,
particularly
near
large
urban-industrial
centres
where
inputs
to
the
soils
are
high.
These
inputs
may
be
masked
for
many
years
to
come,
however,
by
the
natural
variability
of
metals
in
soils.
Any
increase
of
metals
in
soils
will
also
increase
the
metal
loadings
to
the
Great
Lakes
as
the
soils
are
subjected
to
erosive
forces.
12.1.5. Pesticides
12.1.5.1.
Insecticides
and
fungicides
While
biological
control
of
insects
and
diseases
is
the
ultimate
in
control
measures,
it
is
doubtful
that
it
will
be
applied
to
a
wide
range
of
crops
in
the
immediate
future.
Releases
of
parasites
and
predators
of
both
the
cereal
leaf
beetle
and
the
alfalfa
weevil
are
examples
of
its
successful
use
in
Ontario.
The
breeding
of
disease
resistance
into
crop
varieties
has
accomplished
much
in
the
last
two
decades
on
a
world-wide
basis.
However,
these
approaches
take
decades
to
perfect
so
work
on
them
should
be
increased
if
the
long-term
production
of
food
is
to
be
assured
and
the
environment
is
to
be protected._
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t
e
l
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l
e
e
n
d
e
a
v
o
u
r
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d
o
n
e
c
o
n
c
u
r
r
e
n
t
l
y
r
e
c
e
i
v
i
n
g
c
o
n
s
i
d
e
r
a
b
l
e
a
t
t
e
n
t
i
o
n
b
y
a
g
r
i
c
u
l
t
u
r
a
l
a
g
e
n
c
i
e
s
,
i
s
a
c
o
m
b
i
n
a
t
i
o
n
o
f
p
h
y
s
i
c
a
l
,
b
i
o
l
o
g
i
c
a
l
a
n
d
c
h
e
m
i
c
a
l
c
o
n
t
r
o
l
m
e
a
s
u
r
e
s
r
e
f
e
r
r
e
d
t
o
a
s
'
i
n
t
e
g
r
a
t
e
d
c
o
n
t
r
o
l
'
.
T
h
i
s
i
n
v
o
l
v
e
s
t
h
e
m
o
n
i
t
o
r
i
n
g
o
f
p
e
s
t
p
o
p
u
l
a
t
i
o
n
d
y
n
a
m
i
c
s
,
a
s
s
e
s
s
i
n
g
p
h
y
s
i
c
a
l
a
n
d
b
i
o
l
o
g
i
c
a
l
i
n
p
u
t
s
a
n
d
,
b
y
t
i
m
e
l
y
a
p
p
l
i
c
a
t
i
o
n
s
o
f
f
u
n
g
i
c
i
d
e
s
a
n
d
i
n
s
e
c
t
i
c
i
d
e
s
,
m
a
x
i
m
i
z
i
n
g
c
h
e
m
i
c
a
l
e
f
f
e
c
t
s
w
h
i
l
e
s
a
f
e
g
u
a
r
d
i
n
g
b
i
o
l
o
g
i
c
a
l
i
n
t
e
g
r
i
t
y
.
T
h
i
s
c
o
m
p
l
e
x
p
r
o
c
e
d
u
r
e
s
h
o
u
l
d
b
e
e
n
c
o
u
r
a
g
e
d
a
n
d
e
x
p
a
n
d
e
d
t
o
i
n
c
l
u
d
e
m
o
r
e
c
r
o
p
s
a
n
d
pests.
T
h
e
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
S
e
c
t
i
c
i
d
e
s
h
a
v
e
v
i
r
t
u
a
l
l
y
b
e
e
n
e
l
i
m
i
n
a
t
e
d
f
r
o
m
u
s
e
i
n
a
g
r
i
c
u
l
t
u
r
e
a
n
d
h
a
v
e
b
e
e
n
r
e
p
l
a
c
e
d
b
y
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
a
n
d
c
a
r
b
a
m
a
t
e
i
n
s
e
c
t
i
c
i
d
e
s
.
W
h
i
l
e
m
a
n
y
o
f
t
h
e
s
e
n
e
w
e
r
i
n
s
e
c
t
i
c
i
d
e
s
a
p
p
e
a
r
t
o
b
e
n
o
n
-
p
e
r
s
i
s
t
e
n
t
a
n
d
r
a
r
e
l
y
c
o
n
t
a
m
i
n
a
t
e
s
t
r
e
a
m
w
a
t
e
r
,
o
v
e
r
-
u
s
e
p
r
o
m
o
t
e
d
b
y
t
h
e
a
p
p
e
a
r
a
n
c
e
o
f
i
n
s
e
c
t
r
e
s
i
s
t
a
n
c
e
i
s
l
e
a
d
i
n
g
t
o
a
b
u
i
l
d
-
u
p
o
f
r
e
s
i
d
u
e
s
i
n
s
o
m
e
m
u
c
k
s
o
i
l
s
,
w
h
i
c
h
i
n
t
i
m
e
,
m
a
y
c
o
n
t
a
m
i
n
a
t
e
w
a
t
e
r
.
T
h
i
s
p
r
o
b
l
e
m
h
a
s
n
o
t
d
e
v
e
l
o
p
e
d
o
n
m
i
n
e
r
a
l
s
o
i
l
s
.
T
h
e
a
p
p
e
a
r
a
n
c
e
o
f
r
e
s
i
s
t
a
n
c
e
i
n
i
n
s
e
c
t
s
a
n
d
f
u
n
g
i
is
a
c
o
n
s
t
a
n
t
t
h
r
e
a
t
t
o
t
h
e
u
s
e
f
u
l
n
e
s
s
o
f
c
h
e
m
i
c
a
l
s
.
I
n
c
r
e
a
s
i
n
g
t
o
l
e
r
a
n
c
e
o
f
i
n
s
e
c
t
s
t
o
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
i
n
s
e
c
t
i
c
i
d
e
s
h
a
s
s
e
e
n
t
h
e
i
n
t
r
o
d
u
c
t
i
o
n
o
f
n
e
w
e
r
s
y
n
t
h
e
s
i
z
e
d
c
h
e
m
i
c
a
l
s
b
a
s
e
d
o
n
n
a
t
u
r
a
l
o
c
c
u
r
r
i
n
g
c
h
e
m
i
c
a
l
g
r
o
u
p
s
,
o
n
t
o
x
i
n
s
a
n
d
a
t
t
e
n
u
a
t
e
d
b
a
c
t
e
r
i
a
,
a
n
d
o
n
i
n
s
e
c
t
g
r
o
w
t
h
r
e
g
u
l
a
t
o
r
s
.
T
h
e
s
e
t
r
e
n
d
s
s
h
o
u
l
d
b
e
c
o
n
t
i
n
u
e
d
a
n
d
e
n
c
o
u
r
a
g
e
d
b
y
i
n
c
r
e
a
s
e
d
r
e
s
e
a
r
c
h
.
T
h
e
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
a
n
d
c
a
r
b
a
m
a
t
e
i
n
s
e
c
t
i
c
i
d
e
s
r
a
n
g
e
f
r
o
m
l
o
w
t
o
e
x
t
r
e
m
e
t
o
x
i
c
i
t
y
.
H
u
m
a
n
s
h
a
v
e
b
e
e
n
p
o
i
s
o
n
e
d
as
a
r
e
s
ul
t
of
crude
m
e
t
h
o
d
s
of
h
a
n
d
l
i
n
g
and
application.
Careless
h
a
n
d
l
i
n
g
,
m
i
s
u
s
e
a
n
d
S
p
i
l
l
a
g
e
h
a
v
e
l
e
a
d
t
o
t
h
e
o
c
c
a
s
i
o
n
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
of
s
t
r
e
a
m
water
and
the
k
i
l
l
i
n
g
of
fish.
Recent
a
d
v
a
n
c
e
s
in
a
p
p
l
i
c
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
d
e
m
o
n
s
t
r
a
t
e
t
h
a
t
s
u
c
h
p
r
o
b
l
e
m
s
can
be
o
ve
r
c
o
m
e
using
closed
system
d
i
s
p
e
r
s
i
o
n
of
t
o
xi
c
a
n
t
s
b
o
t
h
into
the
equipment
and
onto
the
target
area.
This
wo
r
k
s
h
o
ul
d
be
s
up
p
o
r
t
e
d
and
fostered
for
all
end
users
o
f
p
e
s
t
i
c
i
d
e
s
.
The
promotion
of
alternatives
to
chemicals
is
receiving
more
attention
by
agricultural
agencies
and
this
approach
should
be
further
pursued.
The
use
of
crop
rotation
for
the
control
of
the
northern
corn
rootworm
is
an
excellent
approach
to
stemming
the
advance
of
this
insect
into
the
corn
belt
of
O
n
t
a
r
i
o
.
'
Useage
of
insecticides
and
fungicides
is
not
confined
to
the
agricultural
sector,
but
is
common
to
the
domestic
and
industrial
sectors
and
to
the
protection
of
forests.
The
same
rules
apply
to
these
sectors
of
our
society.
The
Ontario
Pesticide
Act
has
gone
far
in
removing
the
highly
toxic
insecticides
and
fungicides
from
the
domestic
sector
and
has
made
it
mandatory
that
only
trained
personnel
can
apply
such
compounds
in
the
industrial,
forestry
and
aquatic
environments,
and
professional
commercial
application
in
agriculture.
J
¥
_
_
_
—
_
E
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Strict enforcement of regulations, adequate training of
users and general education on new procedures and safeguards
should contribute to lowering the incidence of environmental
contamination
and
allay
future
concerns.
12.1.5.2. Herbicides
The use of herbicides has grown dramatically over the
last decade. These are employed by all facets of human
society to control weeds in agriculture, on industrial and
home properties, in forests and in recreational areas.
Mammalian and avian toxicities are generally much lower
than
with
the
insecticides
and
persistence
is
normally
short-termed, ranging from a few weeks to a season.
A few
herbicides
can
persist
for
longer
periods,
for
example,
simazine, atrazine and diuron.
Although there is no evidence
of any environmentally related problems, the rates at which
atrazine
(a corn production herbicide) is present in stream
water may
be
cause
for
concern.
This
herbicide
is
readily
removed
from
treated
fields
by
storm
runoff
waters
and
can
also
be
removed,
in
lower
quantities,
via
tile
drainage
waters.
Other
herbicides,
such
as
cyanazine,
can
be
sub-
stituted
for
atrazine
under
appropriate
weed
conditions
and
do
not
appear
to
either
persist
or
move
to
stream
water.
Remedial
measures
which
reduce
soil
erosion
and
storm
water
runoff
should
greatly
reduce
the
loss
of
atrazine
to
water.
2,4-D
type
herbicides
have
been
used
in
cereals
and
corn,
but
have
not
appeared
at
other
than
minimal
levels
in
stream
waters.
These
same
materials
are
quite
widely
used
for
the
control
of
weeds
on
roadsides,
ditches,
utility
corridors,
and
to
control
aquatic
vegetation.
While
applica-
tion
personnel
are
generally
aware
of
the
dangers
of
spray
drift
damaging
susceptible
crops
and
garden
plants,
they
have
not
always
recognized
the
need
to
keep
their
sprays
from
contaminating
water
in
ditches
and
streams
around
which
w
e
e
d
s
a
r
e
b
e
i
n
g
c
o
n
t
r
o
l
l
e
d
.
The
Pesticide
Act
of
Ontario
regulates
the
application
of
herbicides
to
water
by
permit
and
stipulates
that
application
to
public
lands
be
done
by
licenced
operators.
However,
education
is
needed
to
prevent
the
contamination
of
wa
t
e
r
wh
e
n
s
p
r
a
yi
n
g
such
p
ub
l
i
c
p
r
o
p
e
r
t
i
e
s
.
1
2
.
1
.
6
.
I
n
d
u
s
t
r
i
a
l
O
r
g
a
n
i
c
C
o
n
t
a
m
i
n
a
n
t
s
The problems
associated
with
organic
toxicants
in Great
Lakes
water
appear
to
be
severe
and
reminiscent
of
the
Problems
of
the
persistent
organochlorine
insecticides.
Industrial
organic
toxicants
like
PBB,
PCB,
CN
and
mirex
are
not
used
in
agricultural
production,
but
arrive
on
land
through
aerial
fallout,
misuse
or
disposal
in
rural
areas
-
e-g.,
disposal
of
oil
containing
PCB
on
roadways.
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P
e
r
s
i
s
t
e
n
c
e
,
t
o
x
i
c
o
l
o
g
y
a
n
d
u
s
e
d
a
t
a
a
r
e
u
r
g
e
n
t
l
y
r
e
q
ui
r
e
d
for
c
ur
r
e
n
t
l
y
used
industrial
organic
toxicants.
In
addition,
a
s
ys
t
e
m
of
c
o
l
l
e
c
t
i
n
g
these
data
before
n
e
w
organics
are
introduced
should
be
mandatory
if
future
damage
to
the
environment
is
to
be
averted.
Continued
monitoring
and
surveillance
of
industrial
contaminants
is
paramount
to
safeguard
food
and
water
quality
and
alleviate
the
current
c
h
r
o
n
i
c
c
o
n
t
a
m
i
n
a
t
i
o
n
of
the
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
.
1
2
.
1
.
7
.
M
i
c
r
o
b
i
o
l
o
g
i
c
a
l
I
n
d
i
c
a
t
o
r
O
r
g
a
n
i
s
m
s
Diffuse
sources
of
bacteria
have
been
recognized
in
agricultural
areas
although
no
specific
sources
have
been
identified.
Some
general
measures
appear
feasible
for
the
reduction
of
the
likelihood
of
bacterial
contamination
of
streams
in
agricultural
watersheds.
Many
of
these
have
already
been
suggested
for
control
of
phosphorus
from
live-
stock
operations,
i.e.
separate
feeding
and
manure
storage
areas
from
streams
by
sufficient
distance
to
assure
attenuation
of
microbes
by
soil
and
vegetation
before
runoff
reaches
a
stream;
cover
manure
immediately
after
spreading,
before
runoff
occurs;
avoid
spreading
manure
in
the
frequently
hydrologically
active
area
adjacent
to
streams,
or
in
flood
plains.
In
addition,
some
benefit
may
accrue
from
keeping
pasturing
livestock
away
from
streams,
with
the
provision
of
alternative
watering
facilities.
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12.2.
Application of Remedial Measures Alternatives
to Specific Sites
Generalized
recommendations
and
discussion
of
some
technical
alternatives with respect to remedial measures were covered
in
the
preceding
section.
However,
it
must
be
emphasized
that
localized
variations
in pollutant
sources,
soil
properties
and
V
landscapes,
cropping
systems
and
active
pollutant
contributing
L
areas
make
a
general
approach
to
application
of
remedial
programs
impossible.
The
erosion
and
transport
of
pollutants
from
any
point
on
the
agricultural
landscape
must
be
considered
?
as
a
site
specific
problem
requiring
the
implementation
of
site
Specific
remedial
measures
on
the
active
contributing
areas.
A
set
of
practices
can
only
be
developed
through
detailed
consideration
of
a
specific
area.
In
order
to
illustrate
this
approach
to
remedial
measure
recommendations,
3
sets
of
practices
were
developed
for
four
agricultural
water—
i}
sheds.
These
examples
demonstrate
(a)
the
selection
of
remedial
measures
commensurate
withan
existing
viable
agricul-
tural
industry
and
(b)
the
estimated
probable
cost
and
effective—
ness
of
the
implemented
remedial
program
(Tables
12.2a—d).
The
relative
magnitude
of
a
pollutant
source
is
a
site
specific
factor
governing
the
implementation
of
remedial
programs.
For
example,
the
streambank
erosion
component
of
the
total
sediment
load
varies
from
greater
than
30%
as
in
Watershed
AG-l
to
less
than
5%
as
in
Watershed
AG-S.
In
remedial
programs,
the
greater
streambank
erosion
component
in
Watershed
AG-l
as
opposed
to
Watershed
AG-5
is
reflected
in
the
extensive
and
costly
drainage
engineering
measures
implemented
(Table
12.2.a
and
12.2.d).
Soil
properties
such
as
texture
can
also
affect
the
suit—
ability
of
a
remedial
practice
at
a
given
location.
Clay
soils
such
as
located
in
Watershed
AG-l
are
not
suited
to
spring
plowing
or
zero
tillage
remedial
practices
since
the
corres-
ponding
yield
reductions
would
make
corn
or
soybeans
production
uneconomical.
However,
spring
plowing
or
zero
tillage
are
viable
remedial
programs
in
areas
with
medium
to
coarse
textured
soils
such
as
illustrated
in
Watersheds
AG-4
and
AG-S
(Tables
12.2.c
and
12.2.d).
The
shape
of
the
landscape
can
A
_also
affect
the
selection
of
remedial
meaSures.
For
example,
‘
strip
or
contour
cropping
as
employed
in
Watersheds
AG-4
and
AG-S
are
most
applicable
on
Simple,
uniform
slopes
rather
than
hummocky, complex topography.
  
 Table 12.2.a.: Application of some feasible remedial measures alternatives in Agricultural Watershed AG—l, - estimated costs and effectiveness.
 
Watershed
descri
tion: Area
- 5080 ha;
soil
- 35%
to 40% clay;
Pollutant
loads:
Sediment
(suspended
solids)
Total
phosphorus
relief - level;
stream length - 91 km;
hydrologically active
contributing area - 50%; land use
- 621 row crops, 23% corn,
gezsuzidlloiding ritesr
r w era
1
:23
(kg/ha/yr)
5': (kg/ha/yr)
37% soybeans, 27% wheat,
1% hay;
livestock - 0.08 animal
0 en
a
m n mum
2e 0
0
PS
'
Potential maximum reduction
640
1.0
units
per
ha.
2
2
Effectiveness
Cost (3)
Explanatory
Sediment
Phosphorus
Note
Z Reduction
Residual
% Reduction
Residual
Annual
capital
1. Good management practices
'
5
850
5
1.70
0
2.
Crop rotations
(corn-soybeans
- wheat
- hay)
10
765
10
1.50
130,000
3.
Winter cover
(oats)
- shorter season
corn
10
690
10
1.35
57,500
4.
Stream channel
buffer
strips
-
15
590
10
1.25
61,820
5. Drainage engineering:
40
350
15
1.00
a. Grading channel banks to 3:1 slopes
31,000
57,000
b. Drop
inlet
structures
100,000
c.
Amortization of
capital costs
17,900
10
 
Remedial
Measure
 
M
\
7
I
O
\
D
0
0
0
0
5
0
A
 
Total annual costs - SSS/watershed ha.
298,200
157,000
 
Ex
lanator
Notes:
1. As computed
by
the following
regressign equations
(row crops =
0)
Sediment(kg/ha/yr)=
-281
+~18.3
(Zrow crops)
+
13.6
(X clay);
‘
.
Total phosphorus (kg/ha/yr) =
- 0.0939 + 0.000846 (% clay)
+ 0.000212 (% row crops)2.
2. Relative benefits obtained by each remedial measure (i.e. cost effectiveness) depends on the order in which they are implemented.
3.
Good management practices
include
the following no
cost items
that are
applicable
to all
agricultural
land:
- a.
fertilize by
soil
test;
b.
retain
surface
residues over winter;
c.
minimum tillage
for optimum yield;
d.
manure
incorporation and
restricted use
near
streams;
e.
residue management for
soil organic matter maintenance; f. cross slope farming.
4. Assumed costs and returns for cropping prggtices:
Corn and
Soybeans
Cereal Grains
Hay
Revenue Lost
by Crop Conversions
Returns
300 bu/ha @ $2.50/bu
150 bu/ha @ $2.0/bu
25 bu/ha increase in subsequent corn yie1d= $60/ha.
Corn or soybeans to hay - $340/ha
=
$750/ha
= $300/ha
Nitrogen
added @
llékg/ha 0
44¢ =
$50/ha
Corn
or soybeans
to
grains
-
$80/ha
(assumed
equal
to
costs
since
no
market)
$250/ha
Costs
$300/ha
3100/1122
$80/ha
Grains 5° hay ' “on”
Net
saso/ha
$200/ha
sue/ha
2500 ha in contributing
area
(currently
500 ha corn,
1000 ha
soybeans,
750 ha wheat,
50 ha hay,
200 ha other
improved)
is changed
to meet rotation
requirements
(575
ha corn,
575 ha
soybeans,
575
ha wheat,575
ha hay)
requiring
350 ha of corn or
soybeans and
125 ha of wheat
to be converted
to hay.
5. 575 ha corn with 25bu/ha yield reduction ($60/ha) and cost of SAD/ha for cats establishment.
6.
182 ha
in contributing
area
lost
from production
(110
ha corn and
soybeans
and
55 ha wheat to uncut hay
)
for $60,000;
buffer
strip maintenance @
glo/h‘.
7. Lost
from production
by grading channels
to 3:1
bank
slopes -
10m X
91 km =
91
ha (55 ha corn or
soybeans and
30 ha wheat)
8.
Grading
costs
@
$600/km
for
91
km
of
channel;
9.
Drop
inlet
structures
@
4/km2
@
$500/structure;
10.
Amortization
over
20
years
@
10%
7
5
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Table 12
.2.b.: A
pplicati
on of so
me feasi
ble rem
edial me
asures
alternat
ives in
Agricult
ural Wa
tershed
AG-3, -
estimate
d costs
and effe
ctivenes
s.
Waters
hed de
scri t
ion: A
rea -
6200 h
a; soi
l - 25
% to 3
0% cla
y;
relief -
gently
sloping;
stream l
ength -
ho km; h
ydrologi
cally
active c
ontribut
ing area
- 25%; l
and use
- 452 ro
w crops,
32%
corn,
12% be
ans, 2
2% sma
ll gra
ins, 5
% whea
t, 10%
hay;
livest
ock
- 0.48
animal
units
per ha
.
2.
3.
4
.
5.
6
.
x
Reme
dial
Meas
ure2
Good m
anagem
ent pr
actice
s
Strip cropping
Crop rot
ations (
corn - c
orn - gr
ain - h
ay - hay
)
Winter cover (oats) -
shorter season corn
Stream c
hannel b
uffer st
rips (20
m width)
Drainage en
gineering:
a. T
ile
outl
et
stab
iliz
atio
n
b. B
ank
stab
iliz
atio
n o
n 1
3 ha
c. Am
ortiz
ation
of ca
pital
costs
Total annual costs — S
lS/watershed ha.
1
0
Sediment
1 R
edu
cti
on
Pollutant loads:
Sedimentggsuspended so
lids) Total phosphoru
s
260 (kg/ha/yr) 1.1 (kg/ha/yr)
60 0.4
0.
7
 
Measured loading rates
Poten
tial
minim
um -
zero
row c
rops
Potential maximum reduction
Effectiveness2
l
200
Cost 3})
Annual Capital
Expla
nator
y
Phosph
orus
Note
Residual
Z Reduct
ion Re
sidual
230 10
1.00 0
0
220 5
0.95 2,900
1,000
200
0.85
25,000
0
180
0.75
42,000
0
150
0.70
18,000
0
135
0
0.70
m
d
m
o
r
x
15,000
5,200
6
3
0
‘
2.500
9
0
,
4
0
0
 
21,200
  
lanator notes:
Assumed
costs an
d return
s for c
ropping
practice
s:
Corn(net
same for
soybeans
) C
ereal g
rains
250 bu/ha 0 $2.50/bu
= $600/ha
Returns
= 83
00/h
a
gjoo/ha
s3
oo
/h
a
Costs
thO/ha
Net
jZOO/h
a
150 bu/ha @ $2.00/bu
l, 2, an
d 3 - se
e notes
for Tabl
e 12.2.
a.(Note
1 includ
es 0.1 k
g P/ha/
yr subje
ctive re
duction
estimate
for appl
ying re
medial m
easures)
Strip cropp
ing on 75%
of the "C"
slopes in t
he contribu
ting area (
290 ha) @ $
10/ha plus
a capital c
ost of $1,0
00 for some
tree and fe
nce-row rem
oval.
Hay
Revenu
e Lost
by Cro
p Conv
ersion
s
Corn
or so
ybean
s to
hay -
SlOO/
ha
Corn o
r soyb
eans t
o grai
ns-810
0/ha
Grains to hay — nil
25bu/ha
increase
in subse
quent co
rn yield
= S
GO/h
a/Z
yrs
114 kg
/ha N
added
@ h4¢
= SSO/
ah/Z y
rs
7.5 tonn
es/ha ha
y 0 $30
/t = $22
5/ha
$80/ha
{ZOO/ha
1550 ha
in contr
ibuting
area (cu
rrently
700 ha c
orn/bean
s, 340
ha grain
, 280 h
a hay)
is chang
ed to me
et rotat
ion requ
irements
( 525 ha
corn/bea
ns,
265 ha grain
s, 525 ha h
ay) requiri
ng 175 ha o
f corn/bean
s and 75 ha
small grain
s to be con
verted to h
ay.
420 ha corn
with a 25 b
u/ha yield
reduction (
360/ha) and
cost of SAG
/ha for oat
s establish
ment.
80 ha in
contribu
ting are
a lost f
rom prod
uction
( 36 ha
corn/bea
ns @ $30
0/ha, 1
8 ha gra
ins 9 8
200/ha,
14 ha ha
y 0 8200
/ha): bu
ffer str
ip maint
enance
0 SID/ha.
150 drain outlets G $100/outlet.
13 ha of er
oding banks
stabilized
@ 3400/ha.
10. Amor
tization
over 20
years @
10%.
7
6
 Table 12.2.c.: Application of some feasible remedial measures alternatives in Agricultural Watershed AG-4,- estimated costs and effectiveness.
 
Watershed descri tion: Area - 1860 ha; soil - 25% clay; relief
Pollutant loads:
Sediment (suspended solids)
Total phosphorus
- gently sloping; stream length - 20 km; hydrologically cont-
_
..
_
.
Measured loading rates
425
(kg/ha/yr)
0.75 (kg/ha/yr)
ributing area
254, land use
20% row crop (all corn), 324
Potential minimum - zero row cropsl
75
0.30
Egaliagrains, 384 hay/pasture; livestock - 0.75 animal units
Potential maximum reduction
350
0.45-
  
2
Remedial MeasureZ
Effectiveness
Costs ($)
Explanatory
Sediment
Phosphorus
An “a1
Ca ital
Note
1 Reduction
Residual
2 Reduction
Residual
n
P
Good management practices
10
380
10
0.67
0
0
Strip cropping
15
325
10
0.60
1,400
500
Crop rotation (corn - grain - grain — hay - hay)
-
-
Spring plowing (corn and hay)
-
5
310
5
0.57
12,000
0
Stream channel buffer strips (ZOnO; grassed waterways
40
185
25
0.43
18,400
0
Drainage engineering:
10
165
0
0.43
a. Tile outlet stabilization
5,000
b. Stream bank stabilization
1,200
c. Amortization of capital costs
800
10
«
w
o
m
e
n
.
H
N
M
x
'
f
t
n
x
o
Q
O
‘
  
Total annual cost - $18/watershed ha.
32,600
6,700
 
lanator notes: 1, 2, and 3 - see notes for Table 12.2.a. (Addition to Note 1. - includes subjective 0.1 kg/ha/yr livestock input reduction assumed
to result from the implementation of the remedial measures listed.)
4. Strip cropping on 75% of the "C" slopes in the contributing area (140 ha) @ Slo/ha, plus $500 capital costs for fence row removal.
5. Crop rotation is not applicable as a new remedial measure, since, in this watershed, they are already generally practiced.
6. To avoid fields in the contributing area being left bare over the winter period, either plow in the spring, or use cover crop over winter; - 100 ha
corn with expected yield loss of 25 bu/ha @ $2.50/bu = $6,000 and 200 ha grain @ a loss of $30/ha = 6,000 — total 812,000/yr.
7. 40 ha to buffer strips and lost from production (8ha corn @ $300/ha, 16 ha grain @ $200/ha, 16 ha hay @ $200/ha = $8,800); grassed waterways estab-
lished on an equal land area with the same costs.
Assumed that the buffer strips and waterways are clipped and not harvested for hay — maintenance
costs @ SlO/ha = $800. Total cost $18,h00.
8. 50 tile outlets stabilized @ SlOO/outlet.
9. 3 ha of eroding streambanks stabilized @ $400/ha.
10.Amortization of capital costs at 10% for 20 years.
 Table 12
.2.d.: A
pplicati
on of s
ome feas
ible rem
edial me
asures a
lternati
ves in A
gricultu
ral Wate
rshed A
G-S. -
estimate
d costs
and effe
ctivenes
s.
Watershed descri tion: Area - 3000 ha; soil - 20% clay; relief Pollutant loads: Sediment (suspended solids) Total phosphorus
- gent
ly slo
ping;
stream
length
- 22 k
m; hyd
rologi
cally
active
contributio
n area - 25
2; land use
— 48% row c
rops (all c
orn),
measurEd lo
ading rates
1 2
50 (kg/ha/Y
r) 1
'00 (kg/ha/y
r)
137 sm
all r
ai s
257 ha
- liVe
st ck
- 0 61
animal
units/
ha
Potent
ial mi
nimum
' zer°
row cr
°p5
25
0'15
° 8
n ’ ' y
’ 0
°
'
Potential m
aximum redu
ction
225
0.85
2
Effectiveness2
Cost (3) I Explanatory
Sedim
ent
Phosp
horus
Note
% Red
uctio
n Re
sidua
l
% Red
uctio
n R
esidu
al
Annua
l
capit
al
Remedial Measure
Good management practices
10 225
0.90 0
Strip cropping 15 190 0.80 2,000
Crop rotations (Corn — corn - grain - hay - hay) 20 150 0.67 10,000
Spring plowing (corn) 10 135 0.60 15,600
or - no—till corn (24,700)
Stream channel buffer strips (20m) and grassed waterways 40 70 a 20,800
Drainage engineering:
'
10 60
a. Tile outlet stabili
zation
K 5,000
b. Stream bank stabili
zation
800
c. Amortization of cap
ital costs
750
Total annual cost - 316/watershed ha.
49,150
lanator notes: 1, 2 and 3 - see notes for Table 12.2.a.(Note 1 includes 0.05 kg P/ha/yr subjective reduction estimate for applying remedial measures)
Strip cropping on 75% of the "C" slopes in the contributing area (200 ha) @ SIG/ha plus a capital cost of $500 for fence-row removal.
Assumed costs and returns for cropping practices — see note 5 to table 12.2.b.
260 ha corn with 25 bu/ha yield reduction (360/ha) = $15,600.
No-till corn with 35 bu/ha yield reduction ($95/ha) = $24,700 for 260 ha.
40 ha in contributing area lost to productoin (16 ha corn @ 8300/ha, 8 ha grain @ SZOO/ha, 16 ha hay 9 $200/ha = 310,000; grassed waterways establi-
shed on an equal land area with the same costs. Assumed that the buffer strips and waterways are clipped and not harvested for hay - maintenance
‘costs @ SIG/ha = $800. Total cost = $20,800.
50 tile outlets stabilized at SlOO/outlet.
10. 2 ha of eroding stream banks stabilized @ ShOO/ha.
ll. Amortization of capital costs @ 10% over 20 years.
 
  
